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(UNIV.ERSITT 

THE NERVES. 

By G. D. THANE. 



In this section is comprised the descriptive anatomy of the cerebro-spinal and 
sympathetic nerves, and their ganglia. Together with these the peripheral division 
of the nervous system also includes the organs of the external senses, which will be 
described in the following section. The minute structure of the nerves and their 
mode of ending in the several tissues and organs of the body are discussed in the 
nections General Anatomy and Splanchnology. 

The separation of the sympathetic from the cerebro-spinal nerves is convenient 
for purposes of description, but do^s not indicate a difference of origin or an 
anatomical independence of the two systems, since the fibres composing the 
sympathetic are connected centrally, either directly or indirectly, with the cerebro- 
spinal axis, which they leave as constituents of the roots of certain of the cerebro- 
spinal nerves. Moreover, the division cannot in all cases be strictly maintained, 
for some of the ganglia (ciliary, spheno-palatine, otic, and submaxillary), which are 
described in connection with the cranial nerves to which they are attached, have a 
close affinity with those of the sympathetic system, while on the other hand many 
of the terminal plfexuses distributed to the viscera, and generally regarded as parts 
of the sympathetic system, are composed in large part of fibres which pass into them 
directly from cerebro-spinal nerves without traversing the cord of the sympathetic. 



THE CEREBRO-SPINAL NERVES. 

The nerves springing directly from the great cerebro-spinal centre constitute a 
series of symmetrical pairs, of which twelve issue from the cranium through different 
apertures in its base, and are thence named cranial. The next following nerve passes 
out between the occipital bone and the atlas, and the remaining thirty nerves all 
issue below the successive segments of the vertebral column. The first is sometimes 
distinguished by the name of suboccipital, but to the whole series of thirty-one nerves 
the name of spinal will be here given. 

CRAIOAIj NEBVE8. 

The cranial nerves (nervi cerebrales), besides being distinguished by numbers in 
the order of their passage through the dura mater lining the cranium, have likewise 
received other names, according to the place or mode of their distribution, or their 
functions. 

The number of the cranial nerves is now uniyereally stated as twelve, following* the 
enumeration which was proposed by Soemmering in 1778, but has only recently been adopted 
in this country. Previously they were reckoned as nine pairs, in accordance with the 
classification of Willis (1664), in which the facial and auditory together compose the seventh 
pair, while the glosso-pharyngeal, pneumo-g^stric, and spinal accessory are included in the 
eighth. Willis also looked upon the suboccipital as a cranial nerve, and thus counted ten 
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Willis. 


SfBMUESBIiKi. 


Otheb "Sawsb. 


FiiBt pair of 


nerves . 


First pair of nerves 


1 Olfaotor; nerves. 






Second 


Optic. 


Third „ 




Third 


CommoQ ocnlomolor. 


Fonrth „ 




Fourth 


Pathetic or trochlear. 


Fifth 




Fifth 


'■ Trifacial or trigeminal. 


Sixth 




Siith ■ 


Abducent ooalar. 




porttodnra '. 


Seventh 


, Facial motor. 




portio mollis 


Eigrbth 


Auditory. 






1 Ninth 




Eigrhth „ 


n. VB^na 


1 Tenth 






n.acceegoriua 


Eleventh „ 


I 8pbal Aoceesot?, 


Ninth 




Twelfth 


HypoglcBBal or lingual motor. 


Tenth 




Firet cervical . 


! Suboccipital. 



Connection vith the oerebro -spinal axis, — The place at which a cranial 
nerve is attached to the surface of the cerebro-epinal azia is oBually termed the 




niRvia. (Allen ThomsoD.) 

Tbe full description of this Ggora will 
be fonnd fit p. 41. The foilowing refer- 
ences spply to the roots ot the nerve*; 
r, ri|!ht olfactor; tract, divided neu- ila 
middle; II, left optic nervn, apringinfc 
from the commissare, vhich is concealed 
by the pituitaiy body ; 11', right optto 
tract : the left tract is teen passing back 
into i and e, the internal and eit«mal 
corpora Keniculata ; III, left oculomotor 
nerve ; IV, trochlear : V, V, large root* 
of the trifacial ncrres ; + +, smalt 
rooli, the + of the right side is placed 
on the Oasserian ganglion ; 1, ophthal- 

ferior manillary nerves ; VI, leftabducent 
nerve ; VIJ, facial ; VllI, auditory ; IX, 
Slogso .pharyngeal i X, pneumo-gSBtric ; 
XI. spinal accessary ; XIJ. right hypo- 
glo>!>a1 nerve ; at o, on tbe left side, thft 
rootlelH are seen cut abort ; C I, siib> 
occipilnl or Grat cervical nerve. 

^ svperficidl origin of tho nerve. 
From this apparent oripin the 
nerve-rootB can be traced for a 
variable depth vitbin tbe sub- 
stance of the axis to certain col- 
lectionB of nerre-cells or nuclei^ 
the connection with which is said 
to conBtitnte the (feep origin of- 
the Derve. It is evident, how- 
ever, that these terniB are pro- 
perly applicable only to the central connections of the motor or efferent nerves, - 
the fibres of which are ont^owths of rerve-cella contained in the respective nuclei, 
whereas the sensMj or afferent fibres originate generally in the cells of the gangjitt_ 
found upon the nerve-txnnkg in the immediateneighbourhood of the axis, and grow 



MODK OF EXIT FROM THE CRANIUM. 



2X3 



iinrdrda to theii Bo-called naClei, in which the; end without forming, bo far as is 
kaown, any direct connectionwith^the nerve-cells. 

The Bnperficial attachments of the cranial nerves arc qaite obTions : the 
filamenlB of the first pair spriog from the olfactoixJobes of the cer ebral i ieioi- 
epheres ; the second pair arise from the optic thalami and the dorsal part of 
the mes enceph alon j the third are attached toTEe crura_cerebri or Tentral pan 
of the mesencephalon; the fourth to the valve of Viensaena ; the fifth to the 
__,^ns ; and the remainder to the mednlla oblongata, with the exception of the 
greatei' part of the eleventh pair, which ariae from the cervical portion of the spinal 
cord. The course of the fibres within the cerebro-spinal axis, and their connection 



n.) 



I.-. (Allea Thoiua 



The full dcEcription oE Ihii figure 
will be found at p. 42. The follow- 
lag nfereoccB apply to tlie roots of 
llic Dcrres ; I, right alfnctorj tract, 
cut near ita middle ; II, the ojitic 
nerirai ini mediately in front of the 
enDiminnre : the right optic trsct ie 
■een pwaing lacktothethAlamug(rA), 
voqwia gcniuulata (i*. '), and corpan 
qiiadrigemiDa (7) ; 111. oculoinotor 
iierre ; IV. trochlear nerve aruiny «t 
■ from the valve o( Vieusseni ; Y. 
trifacial nerve ; VI;. abducent ocnliir ; 
VII, VIIT, facial and abclitory ner>» ; 
l-etween them the par* intermedia ; 
IX. glorao-pharyngeal ; X. prfeiitno- 



; XI, I 



-017 ; XII, 




hjpoglaBsa] ; C I, the xeparate a 
terior anil poeterior roots of the Bub- 
oxipibJ or first cerrical nerce. 

with the nerve-nuclei are 

more difficult to follow, and 

in many respects are as yet 

but imperfectly understood. 

They have been fully discussed 

in the accounts of the parts 

of the spinal cord and brain 

in which they occur, and to these reference may be made for farther details than are 

Kiven in the following:; descriptions. 

Uode of exit ttom the oranium. — Each of the cranial nerves, after traversinfc 
the subarachnoid space and piercing the arachnoid, from which it receives a sheath 
generally of very short extent (see p. 188), enters an aperture in the dura mater (in 
the case of the thiid, fourth, fifth and sixth nerves at Bome distance from the osseous 
foramina by which they emerge), and carries with it in its passage from the cranial 
cavity a tubular prolongation of that membrane. Some of these nerves, or their 
main divisions, are contained in distinct foramina of the cranium, others are grouped 
together in one foramen. The numerous small olfactory nerves descend into the 
nose through the cribriform plate of the ethmoid bone ; the optic nerve pierces the 
base of the small wing of the sphenoid bone ; the third, fourth, and sixth nerves, 
with the ophthalmic division of the fifth, pass through the sphenoidal fissure ; the 
superior maxillary and inferior maxillary divisions of the fifth pass i-espectively 
through the foramen rotundum and foramen ovale of the great wing of the 
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fipbenoid ; the facial a.od auditory serves enter the internal anditory meatna of tbe 
petrous bone ; tlie glosso -pharyngeal, pneumo-gastri(^ and spinal accessory nerves 
descend through the middle cotrtpartment of the jngnlar foramen between the 
petroQs qod occipital bones ; and the hypoglossal nerve passes through the anterior 
condylar foramen of tlie occipital bone. 







The Romtkn numemlG from 1 1o XII indicate Ibe roots of the several cranial nerr 
near thoir foramins of e>it ; V, is upoD the large root of the lifth with the Oasserias 
C I, the Buboccipital or first cervical nerve ; C VIII, the eigbth. The branchen of the nerres aie 
Tunrkeil as follows, vie. : — 1, eupraorliital branch of the fifth ; 2, lachT^nial poHeing into tlie giani] ; 
'6, nasal paooing tawanlH the anterior irltenial orbital caceJ, and giving the long root tu the ciliary 
ganijlion, 4' ; 3', termination of the nasal nervo ; i/ lower branch of the third nerve ; 5, enperior 
ma^illarj diviaion of the fifth pauing into the infmorbilal canal ; 5', the aame ieauing nt the intra- 
orbital foramen and being iliBtrilmletl as inferior palpebral, lateral nasal, and 8U[ierior labial aer>'es, 
fi": S. ganglion of Meckel and Vidian nerve passing back from it; 6', palatine and other neivea 
descending from it : 6", large superficial petroBsl uene ; 7, posterior dental nerves ; 7', placeu in Cbe 
antrum, which has lieen opened, points to the anterior dental nerve ; 8, inferior matillarj division of 
tbe fifth immediatel}' below the foramen ovale ; 8', some of the muscular brascliea coming from it j 
H X , the an riculo- temporal branch cut short, and above it the small superficial petrosal nerve conQected 
with the facia] ; 9, buccal anil external pterygoid : lU, lingual nerve ; 10', ita distributiun to the side 
anil front of the tongue and to (be sublingual ghuKl : 10", subniaiillarj ganglion ; below 10, the chnrdu 
tyrapani passing forwards from the facial above 12, tu join llie lingual nerve; 11, inferior dental 
nerve; 11', tbe same nerve and part of its dental distribution exposed by removal of the jaw ; 11", iti 
t«rminatinn aa the mental nerve ; 11"', its mylo-hjoiJ branch ; 12, twigs of the facial nerve im->ie- 
UiBtelif after its exit frum the stylo-maitoid foramen to the posterior bell; of the digastric and tolhe 
Htjlo-hyoid muscle ; \2', temporo- facial division of the faciul ; 12", cervico facial diviaion ; lU, trunk 



GENERAL DISTRIBUTION". 225 

Ctoiwrkl divtxibntion. — The greater number of the cranial nerves are entirely 
confined in their distribution within the limits of the head, as in tlie case of the 
fir.-t six pairs, the iinditory, glosao-pharyngeal, and hypoglossal nerves. Of these, 
the olfactory, optic, and auditory are restricted to their respective oi^ans of sense ; 
while the thii'd, fonrtli, and sixth are exclusively motor nerves in connection with 




of ths glowa-phuyngral passing rounil the atjIo-pIiarvngeOB tuubcIg tltnr giiing iihuyngeal and 
iDuBcabr bruichee ; U', its distribntion on the >i(tc and bock part of the tongue ; 14, ipinal trcesaorf 
nerve ; 14', the same alter hating passed through the stflnio-maeloid niuscle uniting with branchea from 
Ihe csrvical nerves ; 15. bypogloeBaJ nerve ; 1:'>', ilH twig to the thjro-hyaid muscle ; 15", ita distrihu' 
tion to the muscles of the tongue; 16, the descending cervical nerie giving a direct offset'to tiie 
anterior bellj of the omo-bjoid muscle, and receiving ths commnnii-ating brancbea 16 x, from Cbs 
cervical nerves ; 17. pneumo-gaatric nerve ; 17', i« superior laryngeal branch ; 17", eitemal laryngeal 
twig; 18, superior cervical ganglion of the ajmpatbetic, uniting with the upper cervical nerves, and 
giving al 18' the inperGcial cardiac nerve : 19. the trunk of the sympathetic ; 19', the middle cervical 
uanglioD, uniting with some of the nervical nerves, and giving 1 9". the large or middle cardiac nerve ; 
'id, continuation of the jympatbotio down tba nock ; 21, great occipital nerve ; 22, third occipital, 

the muscles of the eyehall and the elevator of the upper eyelid. In the fifth or 
trifacial nerve all the fibres derived from the large root, and connected with the 
tiasserian ganglion, ace entirely sensory iu their function, and constitute the whole 
of the first and second and the greater part of the tbird division of the nerve ; but 
the last of these divisions has associated with it the fihres of the small or motor 
root, BO as to become in some degree a compound nerve. As a nen'e of sensation 
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the trifacial occupies in its distribntion the greater part of the head superficially 
and deeply, excepting that part of the scalp which is situated behind a perpendicular 
line passing through the external auditory meatus. The muscular distribution of 
the inferior division of the Qfth nerve is chiefly to the muscles of mastication. 
The glosso-pharyngeal is also a mixed nerve, and is distributed to the tongue, 
pharynx, and part of the ear-passages ; while the hypoglossal is purely a motor 
nerve, destined for the muscles of the tongue, its so-called " descending " and other 
branches, which supply in part the muscles connected with the hyoid bone, being 
'•.omposed of fibres derived from the upper spinal nerves. 



Fig. 143. —Sketch of the middle por- 
tion OF the base op the skdll, 

SHOWING THE ENTRANCE OP THE 
CRANIAL NERVES INTO THE DURA 

MATER. (Drawn by T. W. P. 
Lawrence. ) 

The tentorium has been divided close 
to its attachment to the upper border of 
the petrous. On the right side the nerves 
are in place ; on the left side they have 
been removed, and the apertures in the 
dura mater are seen. 

Of the remaining nerves, one, 
the facial, mainly if not exclu- 
sive! v motor in function,* is almost 
entirely cephalic in its distribu- 
tion, giving fibres to all the 
superficial and a few of the deeper 
muscles of the head ; but one 
branch passes downwards in the 
neck to the platysma myoides. 

Lastly, the tenth or pneumo- 
gastric and the eleventh or spinal 
accessory nerves differ from the 
foregoing in having only a very 
limited distribution in the head, 
and in furnishing nerves in 
much greater proportion to 
organs situated in the neck and 
trunk. The first of these, after 
giving a small branch to the ex- 
ternal ear, and supplying nerves to the pharynx and larynx, the trachea, gullet, 
lungs and heart, extends into the abdominal cavity as the principal nerve of the 
stomach. The other, the spinal accessory, which is classed with the cranial nerves 
in consequence of its passing out through one of the foramina of the skull, is 
entirely a motor nerve ; it is partially united with the pneumo-gastric near its 
origin, and thus furnishes some of the motor fibres of that nerve, but it is mainly 
distributed in the stemo-mastoid and trapezius muscles. 




OCNTIC. 



On pages 224 and 225, fig. 142 is introduced in illnstration of the general view of 
the distribution above given. In this figure the cranium and orbit have been opened up 
to the depth of the several foramina through which the nerves pass. The greater part of the 
lower jaw has also been removed on the left side, and the tongue, pharynx, and larynx are 

^ It is possible that the chorda tympani branch of the fac'al may convey sensory (taste) fibres from 
the tongue. 



OLPACTORT SERVES. V 227 

P&rtlally in Tiew. Tho occipital bone hu been divided by fin incbion puMing down from the 
occipital protubenmoe and throag-h the condyle to the left of the foramen mat^num. The 
cervical vertebra hare been divided to the left of the middle, and the Bheath of the spinal 
cord opened bo aa to expose the roots of the oeivical nerves. 

L— OIFAOTOET HEXTBB. 

The olfactory nerves are slender filaments, about twenty in number, which spring 
from the under surface of the olfactory bulb, and deBcend to the nose through the 
foramina in the cribriform plate of the ethmoid bone, each being iaveatfid by ttibnlar 
prolongatioDH of the membranes of the brain. They form an inner group, which are 
lodged for a short distance in )ip'ooves on the surface of the vertical plate of the 
ethmoid, and then break up into tnfU of branches before being distributed to the 
s membrane over the upper part (1 to 1'5 cm.) of that bone, and an ouler 




Pig. 144.— DisTaiBO 

(Pram Sapp«j, after Hirachfelrl and Leveill^. ) 

The septum is eiposed and Ibe anterior palatioe anal opnned on the right side. I, points to the 

olfactory bulb, and the ramaining Romin numbers to the seTcral cranial nerves ; 1, the olfactory aarm 

■a they pass through the cribriform plate : 2, internal twig of the nasal branch of the ophthalmio 

nerve ; 3, nsao-palatine nerve. The area of distribution of the olfactory nerves is reproaented too large. 

group which ramify over the mesial surface of the lateral mass of the ethmoid, for 
a similar extent. The olfactory fibres do not reach the lower edire of the superior, 
or any part of the middle and lower turbinate bones.* The olfactory neirea are 
composed exclusively of non-medallated fibres, and their branches communicate 
freely with each other as they descend, thus piviny rise to a narrow meshed plexus 
beneath the mucous membrane, especially on the outer wall of the fossa. (See also 
the anatomy of the nose.) 

II.-OPTIG HEBTE. 

The second pair or optic nerves of the two sides meet each other at the optio 
commissure where they partially decussate. Prom this point they may be traced 
backwards round the crura cerebri, under the name of the optic tracts. 

The optic tract arises from the pnlrinar of the optic thalamus, the geniculate 
bodies, and the superior qaadrigeminal body. As it leaves the under part of the 
thalamus it makes a sudden bend forwards, nnd then runs, in the form of a 
flattened band, obliquely inwards across the upper part of the anterior surface of 

r mikroekopisehen Analomie der menschlieben Nasenhoble." Arch. 
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the ccreiiral peduncle, to which it is closely attached ; after this, becoming more 
nearly cylindrical, it is continued between the tuber cinereum and tbe anterior 
perforated space, adherinii to the basal grey matter of the cerebrum, and thus 
reaches the optic commissure. 

Fig. 145.— Oniois , 



«-t.frf.ip. 



>-p.f ., 




I. D. T.) 



The optio eoBUuissiurtt 

or chianna. is of an obloo}? 
form, the longer diameter 
<10^12 mm.) being directed 
transversely. It rests upon 
the olivarj- eminence of the 
sphenoid bone, and the in- 
terntil carotid artery, ascend- 
ing to the brain, is close to it 
on each side. A large number 
of the fibres of the two nerves decussate in the commissure, but some are continued ~ 
from the tract to the nerve of the same side, while those fibres of the tract which 
come from the internal geniculate body do not pass into either optic nerve, bat 
crow in the hinder part of the chiaema to the opposite tract, constituting the 
inferior commissure of Gudden (see p. 118), 

The optdo n«rT« "proper runs from tbe commissure forwards and outwards through 
the optic foramen, having the ophthalmic artery to its lower and out«T side. As it 
enters the foramen it i-eceives a strong sheath from the dura mater, and a slender 
one from the arachnoid, both of which are prolonged as far as the eyeball. Appear- 
ing in the orbit between the origins of the recti muscles, it uontiuues its oblique 
course, inclining at the same time somewhat downwards, to the eyeball, which it 
enters on its posterior aspect about 3 mm. internal to its centre. Here the nerve 
perforates the sclerotic and choroid coats, and terminates by expanding in the 
retina (see the anatomy of the eye). The nerve has a diameter of it — 4 mm., and 
is from 30 to 40 mm. long. Its intraorbital part measures from 20 to 80 mm., and 
has a slightly flexuous course, its length exceeding the distance in a straight line 
from the optic foramen to the eyeball by about fi mm., so as to allow of the move- 
ments of the latter. It is surrounded by the ciliarj- vessels aud nerves, and is 
pierced about 10 mm. behind its termination by the central artery of the retina, 
which, with a companion vein, runs in the axis of the nerve to the eyeball. 

The number of flbree in the optic aerve is estimated at somewhat less than half a million 
(Salter) ; they are mostly of small size. 

Vuietlea.— In a few rare inBtauces absence of the optic eommiasure has been met with, 
each optic tract beinif continued directly into the optic nerve, and passinif to the eyeball, of 
the same side. In some cases it would appear that the decussation of the fibree in the 
commissure is complete (see p, 118). 

III.— OCinOlIOTOS HEBTE. 

The third nerve, the common motor nerve of the eyeball (motor oculi), gives 
branches to all the muscles of the orbit, with the exception of the superior oblique 
and external rectus. It also supplies, through its connection with the ciliary 
ganglion, tbe sphincter muscle of the iris and the ciliary muscle of the eyeball. 
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The fibres of the nerve spring mainly from the oculomotor coclens in the grey 
matter of the floor of the aqueduct of Sylvius opposite the superior qaadrigerainal 



Fig. 146.— Plin t 
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(Modified from Gowen.) 



■ad their nuclei ue projected into the autline of 
n raeauu) KCtion of the midbnin and pooB ; III, third nerve: 
N.III, iU nutlem: IV, fourth nerre ; N.IV, its nucleus; 
P.L.U., poBterior longitudinftl bundle; VI, sixth nerve; N.Vl, 

body (figs. 146 and 151) ; to these are added others 

which ascend in the posterior longitudinal bundle 

from the nncleus of the sixth nerve of the opposite 

side. They pass ventrally through the tegmentum, 

and emerge in ten to fifteen bundles from the inner 

aide of the crus cerebri, commencing close to the 

upper border of the pons, and estending upwards 

and outwards along the line of the oculomotor 

groove. One of these bundles is frequently separated 

from the rest, and issues more externally from the anterior surface of the 

crus. 
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Speedily becoming firm and round, the nerve is directed from the interpeduncalar 
space forwards, as well aa somewhat outwardu, betweeo the posterior cerebral and 
superior cerebellar arteries to the outer side of the posterior cUnoid process, a little 
anterior to which it penetrates the layer of dura mater forming the outer boundary 
of the cavernous sinus. Contained within this membrane, it continues its course 




Fig. 148.— PtAW 

(0. D. T.) 
The ganglioD U leen to be attached 
b; ila ibort root to the nerre of the 
inferior oblique miuctg ; lb, it> loog, 
and SH, its sympathetic root. 

forwards to the iuni-r end of the sphenoidal fissure, and there divides into two parts, 
upper and lower, which enter the orhit between the heads of the external rectns 
muscle, and are separated from each other by the nasal branch of the ophthalmic 
nerve. As the third nerve lies in the ont«r wall of the cavernous sinus, it is con- 
nected by slender filaments with the cavemoua plexus of the sympathetic, and it 
receives also a small branch f lom the ophthalmic division uf the fifth nerve. 

The vpper, the smaller part, is directed inwards over the optic nerve to the 

^ Fig. 14S.— Tisw tvm abote or Tag motob hkrtiis or thk etkbali, 

AND IN xvKuta (after Hincbfeld and LoTeille, altered). (Allnn 
ThomioD. ) 
The o[ditha]inic iliTieioa of the fifth pair haa been eat short ; the 
attachment of the muscles round the optic neire has been opened up, 
and the three upper muscles turned lovards the inner eide, their 
aaterior paita being removed ; a part of the optic BflT*e ia cut awaj Xo 
show the inferior rectus ; and a part of the iclerotic noat and cornea ia 
dissected off showing tlie ins, ciliary muscle, and choroid coat, with 

n, npper part of the internal carotid arterj emerging from the 

eaTcrnons sinus ; h, BUperior oblique muscle ; b', its anterior part 

passing through the pulley ; e, levator palpebrs superioris ; d, superior 

rectus ; f. internal rectus ; /, external rectus ; f, ita upper tendon 

inferior rectus ; h, insertion of inferior oblique 

lissuie ; II', pirt of the optic nerre entering the 

lomotor : IV, trochlear nerfB ; V, large root 

lotor root; VI, abducent nerre i 1. npper 

ve, giving tirigs to the levator palpebra and 

anches of lower division supplying the iutemal 

olea ; 3, the long branch of the same nerve pro- 

the inferior oblique muscle, and cloae to the 

' if the ciliary ganglion ; this ganglioi 




II, optic commissun 
eyeball ; III, common ot 
of fifth ; V, small or 
division of third nerve 
superior rectus ; 2, brar 

ceeding forwards to 
number S, the short 

shown, receiving from behind its long root, which has been cut short, 
and giving forward some of its ciliaiy nerves, which pierce thesclerotio 
coat ; 3'. marks the termination of some of these nerves in the ciliary 
muscle and iris after having passed between the sclerotic and cboroid 
coats ; 4, the trochlear nene eutering the upper surface of the superior 
oblique muscle ; 0, the abducent nerve paasing into the eitemal rectua. 

superior rectus muscle of the eye and the elevator of the eyelid, to both of which 
muscles it furnishes branches. 

The Jmver and largur portion of the nerve divides into three branches ; of these 
one reaches the inner rectus ; another the lower rectus ; and the third, the longest 
of the three, runs onwards between the lower and the outer rectus, and terminates 
below the ball of the eye in the inferior oblique muscle. The last-mentioned branch 
is connected with the lower part of the ciliary ganglion by a short thick offset 
(short root of the gangUon), and gives one or two filaments to the lower rectus 
muscle. 
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The several branches of the third Derve enter the muscles to which they are dis- 
distributed on the Eurfaca vhich in each is turned towards the eyeball, with the 
exception of that to the inferior obliqne, which penetrates the hinder border of its 
muscle. 

The Hbrps of tha tJiird nftrrs, >baiit 15,000 in nmnber, ore generally laige ; bat there are 
tome email ouea, moat of whicli pass into the ciliary iraiiglioii. In Uie rootlets of the nerre 
Thomsen and Qukell have described a peonliar Btructnre whicli ia rejratded b; them as the 
remains of a degenerated ganglion (Virohow'a Arcbiv, cii, 1887 i Joum. Phja., i, 1M!1, 
p. 167). 

Tartattaa.— A coamnnlcation between the third and aizth nerves as the; pass the 
«avemouB sinoB has been described, bnt its existence ia denied by moat recent obserrera. 
The upper division of the third nerre may hare a commnnication with the nasal (STitser, 
8dmmerin(r, Testut). The third nerve has been seen in a few cases ^ving a branch to the 
external rectna (Cruveilfaier, Fasebeak, C. Kranse), and in one instAnce a bninch of the third 
supplied the plaoe of the sixth nerve which was wanting; (Qensrali). A hlament to the 
superior oblique muscle ia noticed by Yolkmann. The branch t^i the inferior oblique mnscle 
was seen by Arnold to pass through the lower part of the lenticular ganglion, and by Henle 
to pierce the inferior rectus. 

Position of cbetain K£HVe(! at the cavernous 6ISVS, and ab they enter 
THE ORBIT. — There are several nerves, besides the third, placed close together at the 

Fig. IGO.— Thb hibtie im thi ouna will or trb 
(Unger.) 

cavernous sinus, and entering the orbit 
throDgb the sphenoidal fissure. To avoid 
repetition hereafter, the relative positions of 
these nerves may now be described. The 
nerves thus associated are the third, the 
fourth, the ophthalmic division of the fifth, and the si:ith. 

At the cavernovs sinus. — In the dura mater which bounds the cavernous sinus 
on the outer side, the third and fourth nerves and tlie ophthalmic division of the 
fifth are placed, as re^rds one another, in their nnmerical order both from above 
downwards and from within outwards. The sixth nerve is placed separately from 
the others close to the carotid artery in the cavity of the sinus, and internally to the 
ophthalmic nerve. Npar the sphenoidal fissure, through which they enter the orbit, 
the relative position of the nerves is changed, the sixth nerve being here close to the 
rest, and their number is augmented by the division of the third and the ophthalmic 
nerves — the former into two, the latter into three parts. 

In the sphenoidal fissure. — The fourth and the frontal and lachrymal branches of 
the fifth, which are here higher tlian the I'e&t, lie on the same level, the fourth being 
the nearest to the inner side, and enter the orbit above the muscles. The i-emaining 
nerves pass between the heads of the external rectus muscle, in the following order 
from above downwards ; the npper division of the third, the nasal branch of the fifth, 
the lower division of the third, and, lowest of all, the sixth. 

1T.~TE0CHLXAE HZKVE. 

The fourth, trochlear, or pathetic nerve is the smallest of the cranial nerves, and 
has the longest course within the cranial cavity. It is distributed solely to the 
superior oblique muscle of the eye. 

The nucleus of the fourth nerve continues downwards the column of cells giving 
origin to the third nerve, being placed in the ventral grey matter of the aquedoot of 
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Sylvius opposite the upper part of the inferior quadrigeoiiDal body (fig. 146). 
From the nucleus the fibres are directed at first downwards for a short distance, and 
then backwards and inwards, arching round the lower part of the aqueduct, to enter 




Fig. IS].— Plab or thb o 



\. D. T.) 



The mi.lbnin is luppoaeil to be (livided M d 
levels oD the two siilea, tlie eectiou on Uie tight 
the Bgure pauiug through the Buperior, and 
left Bide through the inferior qunJrigemiDiU bodi 
third nerre; N.lll, its nucleus; IV, fourth" 
N.IV, ita nucleaB ; V.D, descending or menenc 
root of the fifth nene ; N.V, its nucleuB ; 
superior, and C.Q.I, inferior quadrigeminal 
I'.L.I)., pOBterior longitudiuii bundle. 



ct>balic 
Cti-P, 



the superior medullary velum, where tliey 
cross to the opposite side, the two nerves 
thus forming a complete decussation. 

Emerging fi^om the upper end of the 
superior medullary velum close to the frenulum, and immediately below the 
inferior quadrigeminal body, the fourth nerve is directed at first outwards 
across the superior peduncle of the cerebellum, and then turns forwards 
round the outer side of the cms cerebri (figs. Ul, 147), lying parallel to 
and between the posterior cerebral and superior cerebellar arteries. It entei-a an 




Pig. 153.— Viiw mod 1 



I, olfsclorj' tiBct, pBwiDt; forwards into the 
bulb; 11. optic commissure; III, ooulomctor; IV, 
trochlear nerve ; V, larqe root of the fifth nerve, 
a small portion of tlie le»«r root is seen belov 
it ; Yl, siilh nen,e ; VII, facial ; VIII, audi- 
lory ; IX, glosso-pharjnKeal ; X, pneumo-gimtric ; 
XI, spinal acceaisur; ; XII, hypagloBssl : 1, Oat- 
aerian ganglion ; 2, ophthalmic nerve ; 3, Inchry- 
m&l nerve ; 4, frontal : S, external, 6, mtemal 
branch nf the suptaorbital nerve ; 7, snpratro 
ehlear nerve ; 8, nasal nerve ; 9, its infratro- 
chlear branch ; 10, nnsal nerve, passing tbrtugh 
the anterior internal orbital caonl : 1 1, anterior 
deep temporat proceeding f rem the buccal nerre; 
12, middle deep temporal ; 13, posterior doep 
' temporal arising fiom the masseteric ; 14, origin 
of the aurivulo- temporal ; l.*!, great superficial 
petroaal nerve, 

aperture in the dura mater immediately 
beneath the free margin of the ten- 
torium, a little behind the posterior 
- clinoid process, and runs forwnrds in 

the outer wall of the cavernous sinus, 
resting gainst the upper mai^n of the ophthalmic nerve, and crossing tlie third 
obliquely on its outer side from below upwards, to the inner end of the sphenoidal 
fissure. Passing into the orbit above the external rectus muscle, it inclines inwards 
over the levator palpebrse and superior rectus, and finally enters the superior oblique 
muEcle on it« upper surface, and close to its outer btirder. 
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While lodged ia the outer wall of the sinus, the fourth nerve is connected with 
the sympathetic on the carotid artery, and is also joined by a filament from the 
ophthalmic nerve. 

The fourth nerve oonsisU of about 1,200 fibres, mostly of large size. It also shows close 
to its origin the vestiges of a d^enerated ganglion (Gaskell). 

Varieties. — In one case the fourth nerve pierced the levator palpebrae superioris on its 
way to the superior oblique (Q-. D. T.). The nerve has been observed in several cases sending 
a branch forwards to the orbicularis palpebrarum muscle, or to join the supratrochlear, the 
infratrochlear, or the nasal nerve. A communication with the frontal nerve is recorded by 
Bert^. 

Y. -TBIPACIAL KERVE. 

The fifth, trifacial, or trigeminal nerve is the largest of the cranial nerves, and 
resembles a spinal nerve in the circumstance that it arises by separate sensory and 



Fig. 153. — ^Plan op thb orioin op thk pipth nervx. 

The oatline represents the contour of the medalla oblongata, 
pons, and a part of the midbrain, which are supposed to be 
transparent : V.M., motor portion of the fifth nerve ; N. V.M., the 
motor nucleus; V.D., descending or mesencephalic root; V.S., 
sensory portion of the fifth nerve; N.V.S., the upper sensory 
nucleus; V.A., ascending or bulbar root; S.G.R., gelatinous 
substance of Rolando, or lower sensory nucleus. 

motor roots, and also that the sensory fibres pass 
through a ganglion while the motor do not. Its 
sensory division, which is much the larger, imparts 
common sensibility to the face and the fore part of 
the head, as well as to the eye, the nose, the external 
ear, and the mouth, including the greater portion of 
the tongue ; it may possibly also confer the power of 
taste upon the fore part of the latter organ. The 
motor root supplies chiefly the muscles of mastication. 
The two roots of the nerve appear at the side of 
the pons Varolii, where the transverse fibres of the 
latter are prolonged into the middle peduncle of the 
cerebellum, and much nearer its upper than its lower 
border. The small root issues above the large one, 
and the two are separated from one another by a small 

band of the cross fibres of the pons. The fibres of the small root arise in part from 
the motor nucleus of the fifth nerve beneath the floor of the upper portion of the 
fourth ventricle ; they are joined by the bundle known as the descending root of the 
fifth nerve, which springs from a collection of large nerve-cells in the grey matter 
at the side of the aqueduct of Sylvius. The fibres of the large root pass backwards 
into the pons, and some reach the upper sensory nucleus of the fifth nerve, placed 
to the outer side of and somewhat deeper than the motor nucleus ; but the greater 
number turn downwards and are continueJ through the substance of the pons into 
the medulla oblongata, forming the so-called ascending or bulbar root of the fifth 
nerve : their mode of termination is uncertain, bit they may break up among the 
cells of the gelatinous substance of Rolando (lower sensoiy nucleus of the fifth 
nerve). 




The smaU root consists mainly of large fibres, and contains a vestigial ganglion (Gaskell). 
The large root is mostly composed of fine fibres. 
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From the pons, the two roots are directed TorwardB beoealh the anterior extremity 
of tlie tentorium to l±e middle foRsa of the baee of the sknll, and enter a recess in 
the dura mater {eavum Meckelii) over the aummit of the petrons part of the temporal 
bone. Here the large root becomes expanded, and its funiculi divide ond unite so ae 
Co foroi a plexiform network which is continued intotHe Oaescrian ganglion. The 
small n ot inclines downwards on the inner aide of the large root, and then passes 
ontwai-ds beneath the ganglion, without its fibres) being incorporated in any way 
with the latter, to join below the foramen ovale the lowest of the three trunks 
issuing from the ganglion. 

The ganglion of the flfth nerve or Oasserian guifflioii [ganglion semilunare) 
occupies a depression on the upper surface of the petrous portion of the temporal 
bone, near the apex, and is somewhat crescentic in form, the convexity beinp 
tnmed forwards. It is flattened, and striated on the surface. Its internal part 

Pig' 154.— OlHIElL PLAN or THK 
BRjIMaBEB OP THK Flf^H PAIR. 

(After a ekeUb b? Cfaorlea Bell.) i 

1, NDall nwt of the fifib nerve ; 2, 
Jsrge root, parsing forwanls into the 
0»»ri>a ganglion ; 3 pUced on tbe 
bone above Ihe itiihtbaJmio nerve, which 
is dividing into the frontal, tachrynial, 
tuid nOKii brancbes, the latter connectej 
wilb the ciliary gnnRlion ; 4, placed on 
the bone clijse to the foramen totunilum, 
markB the auperior mamillary division, 
l\ which IB connecteil below with tbe 

^^|k\ Bpheno-palatine gaaglion, and pamek 
•^'f torwarda to -he infraorbiul tommen ; 5, 
placed on tbe bone over the forimen 
ovale marks the inferior maiillary nerve, 
giving off the auiicnlo-tenigArnl mid 
muacular braaches, rind continued by the 
inferior dental to the lower jaw, and liy 
the lingoal to the tougLe ; a, submanil- 
laij gland tbe submaiillBry ganglion 
placed above it in connection with the 
iingaal nerve ; 9, chorda tympani ; 7, 
^lal aerre, iasaing from the atylo- 
ma&toid faiameD. 

comes into close relation with the posterior extremity of the cavernous sinus and the 
internal carotid artery. On its inoer side the ganglion is joined by filaments from 
the carotid plexus of the sympathetic nerve ; and, ticcording lo some anatomista, 
it furnishes from its back part filamenU to the dura mater. The cells of thia 
ganglion are similar to those found on the posterior roots of thi; spinal nerves. 

From the convex border of the Gusserian ganglion proceed the three large 
divisions of the nerve. The highest (ftrsl or ophlhalmic trunk) enters the orbit ; 
the second, the superior maj-illiiri/ nerve, is continued forwards to the face between 
the orbit and mouth ; and the third, the inferior maxillary nerve, is distributed 
chiefly to the external ear, the tongue, the lower teeth, the face below the mouthy 
and the muscles of mastication. The firet two trunks proceed exclusively from the 
ganglion and are entirely sensory, while the third or inferior maxillury trunks 
derived principally from Che ganglion, has associated with it also the whole of the 
fibres of the motor root, and thus distributes both motor and sensory branchcp. 
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I.— OFBTH&XJaO NIIBTX. 

The ophthalmic nerve, or first diviaion of the fifth, the smallest of the three 
offictg from the Gaaserian ganglion, is flattened from aide to side, and meaauraa 
about an inch in length. It is directed forwards aad upwards in the outer wall of 
the cavernous sinus, in company with the third and fourth nerves, towards the 
sphenoidal fissure, where it ends in hranchea which pass through th*f orbit to the 
Bttrface of the head and to the naasl fossa. In its course forwards, the ophthalmic 
nerra is joined by filaments from the cavernous plexns of the sympathetic. 

Branches. — A small Tecwrent branch {nervua tenlorii) arises from the ophthalmio 
trnnk near the Gasserian ganglion, and, running backwards aoroee the foarth nerve, 
to which it generally adheres closely for some distance, ramifies between the layers of 
the tentorium . 

Farther forwards the ophthalmio nerve gives off three slender offeets which join 
respectively the third, fourth, and sixth nerves as tliey enter the orbit. 

The terminal branches reuniting from the division of the ophthalmic nerve cloee 
to the orbit are the nasal, which is Dsnally the first to arise and springs from the 
inner and lower part of the trunk, the ftontal and the lachrymal. These branches 

Fig. 155.— Plan oi ihb ofsthiliuc auvi. (0. D. T.) 
The (lotted line rsprcMnta the limit of the Orbit, co. 
ciliaiT ganglion, joiDed behind bj the long root, uid giving 
off in front the ehort ciliary nerm. 

at e transmitted separately throngh the sphenoidal 
fissure, and are continued through the orbit (after 
supplying some filaments to the eyeball and the 
lachrymal gland) to their final distribution in 
the nose, the eyelids and the integument of the 
forehead. 

jLuiluTiiud nam. — The lachrymal nerve 
(6g. 152, 8) is externa! to the frontal at ita 
origin, and is contained in a separate sheath of 
dura mater. In the orbit it passes along the 
outer part, above the external rectus muscle, to 
the outer and upper angle of the cavity, Near 
the lachrymal gland, the nerve has a connecting 
filament with the temporal branch of the superior 
maxillary nerve ; and when in close apposition 
with the gland, it gives many filaments to that 
body and to the conjunctiva. Finally, the 
lachrymal nerve penetrates the palpebral fascia 

externally, and ends in the upper eyelid, and the skin in the neighbourhood of the 
external angular process of the frontal bone, the terminal ramifications being joined 
by twigs from the facial nerve. 

V&ristlea.^The UchiymBl nerve is occkdonftllj smaller thaa uraal, beia); reinforced by a 
twig from the temporal branch ol the mperior maxillarf, and it has been seen repUoed 
entirely by an offset of the latter nerre (Turner, Hyrtl). On the other hand, the lacluTmal 
nerre has been found sending au oSset throngh the malar bone in the place of the temporal 
branch of the saperior maxillary nerve, which was abeeot (G. D. T.). 

The lachrymal branch EOmetimeB appears to be derived in part from the foarth nerve, but 
in BQch cBses the additional root is probably compoeed of fibres that have passed over from 
the ophthalmic to the fourth, while these nerves are contained in the oat«r wall of the 
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Frontal nerve. — The frontal nerve (fig. 152, 4), the largest division of the 
ophthalmic, also enters the orbit above the muscles, and runs forwards between the 
elevator of the upper eyelid and the periosteum. About the middle of the orbit it 
divides into two branches, supratrochlear and supraorbital. 

(a) The supratrochlear nerve, much the smaller of the two branches, inclines 
inwards towards the pulley of the superior oblique muscle, close to which it sends a 
filament downwards to communicate in a loop with the infratrochlear branch of the 
nasal ner\'e, and then leaves the orbit between the orbicularis palpebrarum muscle 
and the bone. In this position the nerve gives twigs to the skin and conjunctiva 
of the upper eyelid, and finally it turns upwards, dividing into branches which j)er- 
forate the orbicularis and frontalis muscles, and are distributed to the integument 
of the lower and mesial part of the forehead. 

(b) The supraorbital nerve is the continuation of the frontal nerve, and leaves 
the orbit by the supraorbital notch or foramen. It divides into two branches, inner 
and outer, which ascend on the forehead beneath the frontalis muscle, and are dis- 
tributed by numerous slender ramifications to the skin of the fore and upper parts 
of the scalp. The outer branch is the larger, and extends backwards nearly to the 
lambdoid suture ; the inner branch reaches but a little way over the parietal bone. 
In the supraorbital notch a slender filament of the nerve enters an aperture in the 
frontal bone, where it is said to be distributed to the diploe and the mucous lining 
of the frontal sinus ; as the nerve emerges from the orbit, twigs are sent downwards 
to the upper eyelid ; and from its terminal divisions small branches pass to the 
pericranium. 

The primary division of the supraorbital nerve often takes place before it issues 
from the orbit, and in that case only the larger branch passes through the supra- 
orbital notch, the smaller one being placed more internally, and not unfrequently 
traversing a second slighter notch (frantal notch^ Henle) in the orbital margin 
(fig. 152, 5, 6). 

The branches of the supraorbital nerve, and the same is the case with all the 
cutaneous offsets of the fifth, form communications with the adjacent ramifications 
of the facial nerve ; in this way sensory fibres derived from the fifth nerve may be 
conveyed to the surrounding muscles. 

Vasal nerve. — The nasal nerve (oculo-nasal or nasO'Ciliary) enters the orbit 
between the heads of the external rectus muscle, and between the two divisions of 
the third nerve. It then inclines inwards over the optic nerve, passing beneath the 
superior rectus and superior oblique muscles, to the inner side of the orbit, and 
leaves that cavity by the anterior internal orbital canal. In this part of its course 
it furnishes a slender branch to the ciliary ganglion, one or two filaments (long 
ciliary) directly to the eyeball, and a considerable infratrochlear branch, which arises 
just before the nerve enters its canal on the inner side of the orbit. 

Arrived in the cranial cavity, the nerve is directed forwards in a groove at the 
outer edge of the cribriform plate of the ethmoid bone to a small canal between the 
fore part of the plate and the frontal bone, through which it descends to the nasal 
fossa. Here it gives off internal or septal and external branches to the mucous 
membrane of the fore part of the nasal fossa, and is then continued downwards in 
the groove on the back of the nasal bone, to terminate as the anterior or superficial 
branch in the integument of the lower part of the nose. 

(a) The branch to the ciliary - ganglion^ very slender, and from a quarter to 
half an inch in length, arises generally between the heads of the external rectus. It 
lies on the outer side of the optic nerve, and enters the upper and back part of the 
ganglion, constituting its long root, 

ib) The long ciliary nerves are situated on the inner side of the optic nerve ; 
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they join one or more of the short ciliary branches from the ciliary ganglion, 
and, after perforating the sclerotic coat of the e} e, are distributed in the same 
manner as those nerves. 

(c) The infratrochlear nerve runs forwards along the inner side of the orbit, 
below the superior oblique muscle, and parallel to the supratrochlear nerve, from 
which it receives, near the pulley of the oblique muscle, a filament of connection. 
The nerve is then continued below the pulley to the inner angle of the eye, and 
ends in filaments which supply the conjunctiva, the caruncle, and the lachrymal sac, 
as well as the integument of the upper eyelid and root of the nose (fig. 171, 22). 

{d) The internal or septul branch (fig. 144, 2) supplies the pituitaiy membrane 
over the fore part of the septum, extending downwards nearly as far as the opening 
of the nostril. 

(e) The external branch (fig. 160, 2), often represented by two or three filaments, 
is distributed to the mucous membrane of the fore part of the outer wall of the nasal 
fossa, including the anterior ends of the middle and lower turbinate bones. 

(/) The anterior or superficial branch (fig. 171, 24) issues between the nasal 
bone and the upper lateral cartilage of the nose, and runs downwards under cover of 
the compressor naris muscle to the tip of the nose, supplying the skin of the lower 
part of the organ. 

Varieties. — The nasal nerve oocasionallj (freqnentlj, Eranse) gives filaments to the 
snperior and internal recti muscles. A branch to the levator palfpebne snperioris has also 
been met with (Fasebeck). In one case filaments of communication passed from a small 
ganglion connected with the nasal nerve to the third and sixth nerves (Svitzer). In two 
instances Testut observed absence of the infratrochlear branch, its place being supplied by 
the supratrochlear nerve. Offsets from the nasal nerve, as it traverses the anterior internal 
orbital canal, to the frontal sinus and ethmoidal cells are described by Meckel and Langen- 
beck ; a.nd & ttp^ten^t-ethnwidal (Luschka) or posterior ethmoidal (Kranse) branch 1b said to pass 
through the posterior internal orbital canal to the mucous membrane of the sphenoidal sinus 
and posterior ethmoidal cells. 

Summary. — The first division of the fifth nerve is altogether sensory in function. 
It furnishes branches to the dura mater ; to the eyeball and the lachrymal gland ; 
to the mucous membrane of the nose and eyelids ; to the integument of the nose, 
the upper eyelid, the forehead, and the upper part of the hairy scalp. It has com- 
munications with the third, fourth, and sixth nerves, with numerous branches of the 
facial, and with the sympathetic. 

Ciliary Ganglion. 

There are four small ganglia connected with the divisions of the fifth nerve : 
the ciliary ganglion with the first, the spheno-palatine ganglion with the second, 
and the otic and submaxillary ganglia with the third. These ganglia, besides 
receiving branches from the sensory part of the fifth, are each connected with a 
motor nerve from the third, the fifth, or the facial, and with twigs from the sympa- 
thetic ; and the nerves thus joining the ganglia are named their roots. 

The ciliary, ophthalmic, or lenticular ganglion serves as a centre for the 
supply of nerves — ^motor, sensory, and sympathetic — to the eyeball. It is a small 
reddish body, compressed laterally and somewhat four-sided, and measures about 
2 mm. &om before back. It is situated at the back of the orbit, between the outer 
rectus muscle and the optic nerve, and generally in contact with the ophthalmic 
artery ; it is joined behind by branches from the fifth, the third, and the sympa- 
thetic nerves ; while from its fore part proceed the short ciliary nerves to the 
eyeball. The cells of the ganglion are of the multipolar variety. 

VOL. III. PT. 2. Q 
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Umion of the gakglion with nektss : rrs roots. — The posterior border of 
the ganglion receives three nerves. One of these, the Imig or sensory root, a slender 
filament from the nasal branch of the ophthahnic trunk, joins the upper part of this 
border. Another branch, the short or motor root, much thicker and shorter than the 
preceding, and sometimes divided into two parts, is derived from the branch of the 
third nerve to the inferior obliqne muscle, and is connected with the lower part of 
the ganglion. The middle or sympathetic root is a veiy small nerve which emanates 
from the cavernous plexus of the sympathetic, and reaches the ganglion close to the 
long upper root : these two nerves are Frequently conjoined before reaching the 
ganglion. The ganglion is somedmes very small, probably from the nerve-cells 
being dislrihutcd along the nerves which are connected with it. 

BaANCEE3 OF THE GANflLiOB.^From the fore part of the ganglion arise six or 
eight short ciliary nerves, which undergo division as they pass forwards, so that they 
form from twelve to twenty fine filaments as they reach the eyeball. They are dis- 

Fig. ISS.— KsHrES OF THE OS.BIT rBDH THK 

OCTIB siDi. (Prom SAppey, after Hinch- 
fetd imd Leveill^. ) { 
The ext«nul rectus mascle has been divided 
knd turned dovn : 1, optic nerve ; 2, trunk of 
tJie tiiird nerve ; 3, ita upper division p&asiDg 
ioto tlie levator palpebne oni! auperior rectus ; 
4, its long lower biHucb to the inferior oblique 
innsclc ; 5, the siitb nerva joined bj twigs from 
the sympathetic ; 6, QaaBerian ganglion ; 7, 
ophthalmic nerve ; 8, ita nasal branch ; 9, ciliarj- 
ganglion ; 10, lis short, 11, its long, and 12, its 
nym pathetic root ; 13, short oiliaij nerves ; 
11, anpraotbitol nerve. 

posed in two bandies, springing from the upper and lower angles of the ganglion, 
and being placed, the one set above, the other below the optic nerve. The lower set 
is the more numerous, and is accompanied by the long ciliary nerves (from the 
nasal), with which one or more of these branches are joined. Having entered the 
eyeball by apertures in the back part of the sclerotic coat, the nerves are lodged in 
grooves on its inner surface, and are finally distributed to the ciliary muscle, the 
iria and the cornea (see the anatomy of the eye). 

Varletiea.— Additional roots to the ciliary gang-lion have been observed by axaay 

anatomists, derived from the upper division of the third nerve, from the fourth nerve, from 
the lachrymal nerve, from the spheno- palatine ganglion, or from the siith nerve. 

Absence of the long root is recorded : in this cose it is probable that the correspondinif 
fibres pass directly from the naaal by the long ciliary nerves to the eyeball. 

The sympathetic root may be represented by several fine filaments proceeding from the 
cavemoua plexus : according to BeiiJiBrt this is the normal arrangemeiit, the majority of the 
filaments accompanying the third nerve. > 

n.~SnPXRI0B M*TTT.T.*T1T MBBTX. 

The superior mamillary nerve, or second division of the fifth (n. maxillaris), is 
intermediate in size between the ophthalmic and the inferior maxUlary trunks. 

It commences at the middle of the Gasserian ganglion, and, passing horizontally 
forwards, soon leaves the skull by the foramen rotundum of the sphenoid bone. The 
nerve then crosses the spheno-maxillaiy fossa, and, taking the name of in/raorbilal, 
enters the infraorbital canal of the npper maxilla, by which it is conducted to the 
face. After emerging from the infraorbital foramen, it teirainates beneath the 
elevator of the upper lip in branches, which spread ont to the side of the nose, the 
lower eyelid, and the npper Up. 




TnE SDPEBIOR HAXILLARV NERVE. 239 

Branches. — Near its origin a fine recurrent branch {n. meningeua medius) passes 
to the dara mater and middle meningeal arterj. la the spheDO-maxillary fossa an 
orbital or tetnporo>maIar branch ascends from the superior maxillary nerve to the 
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orbit, and two spheno-palatine branches descend to join Meckel's ganglion ; while 
the nerre is in contact with the upper maxilla, it furnishes the superior dental or 
alveolar branches ; and ou the face are the terminal branches already indicated. 




Fig. 158. 



(G. D, T.j 



Orbital bnmoli.— The orbital or temporo-malar branch (n. zygvntalictis), a 
small cutaneona ner\'e, enters the orbit by the apheno-maxillary fissure, and imme- 
diately divides into two branches (temporal and malar), which pierce the malar bone, 
and are distributed to the temple and the prominent part of the cheek. 

(fl) The temporal branch (r. zygomaticotemporaHs) is directed upwards in a 
groove on the outer wall of the orbit, and leaves this cavity by the temporal canal 

11 
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in the Uialar bone. While still in the orbit, it is joined by a commnaicating lilamcut 
(in some cases by two filaments) from the ladirymal nerve. The nerve is then 
inclined upwards in the temporal foasa between the bone and the temporal muscle, 
and perforating the aponenroais over the rangcle nearly an inch above the zygoma, 
ends in cntaneons filaments over the fore part of the temporal region. The 
cutaneous ramifications are united with the fecial nerve, and sometimes with the 
anriculo-temporal branch of the third division of the fifth, 

(i) The ma/ar branch (t. zygomalkofacialis) lies at first in the loose fat in the 
lower angle of the orbit, and is continued to the face through the malar canal of the 
malar bone, where it is frequently divided into two filaments. It is distributed to 
the akin over the malar bone, after forming a communication with the facial nerve. 

Vailatiea. — Tbe t«mporo->naUr nerve ia subject to frequent deviations from the arrange- 
ment above described. Thus, either branch maj be smaller than usual, or even absent, in 
which case the other division of tie nerve maj bo distributed over a larger area, or the 
temporal branch may be reiaforced or replaced by the lachrymal nerve, the malar branch by 
the infraorbital nerve. The temporal branch, instead of perforating the malar bone 
frequently passes into the temporal fossa through the anterior end of the spheno-maxillary 



The rapariOT dental or nlva^ar serves are, as a rule, three in namber, 
anterior, middle, and posterior, but the middle is sometimes conjoined with the 
anterior, while the posterior is frequently represented by two separate offsets. 
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superiar dental 
spbeno-palatine 
VidiBD oetve ; 
great superficial petrosal 
branch ; 9, its great deep 
petrosal branch ; 10, a part 
of tlia Biith ner>e, recoiling 
twigs from the carotid plsius 
of the sympathetic ; 11. superior cerrical sympathetic gangltan ; 12, ils ascending braach ; 13, facial 
nerve; 14, glosso-pbaiyngeal nerve ; 15, its tympanic branch ; 16, carotico-tympanie twig joining the 
sympathetic; 17, filament to the fenestra rotunda : 18, li lament to the Eustachian tube ; 19, filament 
to the fenestra ovalis ; ^0, small sujierficial petrosal nerve. 

The posferior mperior denial neiTe arises from the superior maxillary trunk before 
it enters the infraorbital groove, and immediately divides into two branches (often 
separate at their origin), which descend with tiie posterior dental artery on tbe 
zygomatic snrface of the upper jaw. They send small external filaments to the gum 
and the adJEicent pnrt of the mucous membrane of the cheek, and then enter the 
posterior dental canals to terminate in ofi'scts to the molar teeth and the lining 
membrane of the antrum. 

Twriety. — The posterior dental nerve has been seen in a few instances of iar^ size, and 
repUcine the buccal nerve, which was absent as a branch of tbe inferior maxillar;, in the 
supply- of the cheek. 
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The middle superior denial nerve leaves the superior maxillary in the hinder part 
of the infraorbital canal, and is directed downwards and forwards in a special canal 
in the outer wall of the antrum to the bicuspid teeth. 

The anterior superior dental nerve is the largest of the three. Arising near the 
infraorbital foramen, it descends in its canal in the front wall of the antrum, and 
divides into dental branches for the incisor and canine teeth, and a nasal branch, 
which supplies the pituitary membrane in the fore part of the inferior meatus and 
the adjoining part of the floor of the nasal fossa. 

The three dental nerves communicate so as to form loops with one another while 
they are contained in their bony canals, and from these loops other branches spring, 
which join again and give rise to a plexus {superior dental plexus) from which the 
minute terminal filaments proceed to the teeth and gum. 

Facial branches. — The facial branches are divisible into palpebral, nasal, and 
labial sets. 

The inferior palpebral branches, generally an inner and an outer, ascend from 
the termination of the infraorbital nerve to supply the skin and conjunctiva of the 
lower eyelid in its whole breadth. 

The lat^al nasal branches, two or three in number, are directed inwards between 
the fibres of the levator labii superioris alasque nasi muscle to the skin of the side of 
the nose. 

The superior labial branches, the largest of the terminal offsets of the superior 
maxillary nerve, and three or four in number, pass downwards between the elevator 
muscles of the upper lip and of the angle of the mouth. Ramifying as they descend, 
and giving off branches to supply the integument of the fore part of the cheek, 
they end in the skin and mucous membrane of the upper lip. 

Below the orbit, the terminal branches of the superior maxillary nerve are joined 
by considerable branches of the facial nerve, the union between the two being named 
the infraorbital plexus. 

Bpheno-Palatine Ganglion. 

The spheno-palatine ganglion, also named Meckel's or the nasal ganglion, is 
deeply placed in the spheno-maxillary fossa, close to the spheno-palatine foramen. 
It receives the two spheno-palatine branches which descend together from the 
superior maxillary nerve as it crosses the top of the fossa. It is of a reddish-grey 
colour, triangular in form, and convex on the outer surface, and measures from 
before back about 5 mm. The grey or ganglionic substance contains multipolar 
nerve-cells, and does not involve all the fibres of the spheno-palatine branches of the 
upper maxillary nerve, but is placed at the back part, at the point of junction of the 
Vidian nerve, so that many of the fibres of the spheno-palatine nerves proceeding 
to the nose and palate pass to their destination without being incoi*porated with the 
ganglionic mass. 

Branches proceed from the ganglion upwards to the orbit, downwards to the 
palate, inwards to the nose, and backwards through the Vidian and pterygo-palatine 
canals. 

Ascending branches. — These are two or three very small twigs, which reach 
the orbit by the spheno-maxillary fissure, and are distributed to the periosteum and, 
according to Luschka, to the mucous ihembrane of the posterior ethmoidal and 
sphenoidal sinuses. 

Bock and Valentin describe a branch ascending from the ganglion to the sixth nerve ; 
Tiedemann, one to the lower angle of the ciliary ganglion. Hirzel and Arnold traced fila- 
ments to the optic nerve or its sheath. 
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Descending branches. — These are three in number — the lai^, the small, and 
the external palatine nerves, and are in ^reat part conCinned directly from the 
gpbeno-palatine brancbee of the saperior maxillary. 

(a) The large or anterior palatine nerve descends in the palato-maiillaty canal, 
and divides in the roof of the month into branches which are received into grooves 
in the hard palate, and extend forwards nearly to the incisor teeth. In the mouth 
it supplies the inner side of the gam, the glands, and the mucous membrane of the 
hard palate, and joins in front with the naso-palatine nerve. While in its canal, 
the large palatine nerve gives off one or two inferior nasal brancheB, which supply 
the mucous membrane over the greater part of the inferior turbinate bone, together 
with the adjoining middle and inferior meatuses of the nose. 

(J) The small or posterior palatine nerve enters the lesser palatine cannl, and 
is conducted to the soft palate, the tonsil, and the uvula. It has been thought 
to convey motor fibres from the facial nerve to the levator palati and azygos uvulee 
muscles. 

(c) The external ptil-attns nerve, the smallest of the series, courses through the 
external palatine canal between the maxilla and the tuberosity of the palate bone. 

Fig. 160.— NBBVES or TBB HOSR 
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to be distributed to the tonsil and the outer part of the soft palate. This nerve is 
occasionally wanting. 

Internal branches. — Those consist of the naso-palatine, and the upper nasal 
branches, which ramify in the lining membrane of tbe nasal i'osatb and adjoining 

The ujiper nasal are very small branches, and enter the back part of the nasal 
fossa by the spheno-palatine foramen. Some are prolonged to the upper and pos- 
terior part of the septum, and the remainder ramify in the membrane covering the 
upper two spongy bones, and in that lining the posterior ethmoidal cells. 

The naso-palatine nerve (fig. 144, 3), long and slender, leaves the inner aide of 
the ganglion with the preceding branches, and after ciBssing the roof of the nasal 
fossa is directed downwards and forwards, .in a slight groove on the vomer, towards 
the anterior palatine canal. The ner\'e8 of opposite sides descend to the palate 
threngh the median subdivisions of the canal, called the foramina of Scarpa, the 
nerve of the right side usually behind that of the left (see Osteology, p. 53). In 
the lower common foramen the two naso-palatine nerves are connected with each 
other in a fine plexus ; and they end in several SlamentB, which are distributed to 
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the mncons membrane behind the incisor teeth, and communicate with the great 
palatine nerve. In its course along the septum, small filaments are furnished from 
the naso-palatine nerve to the pituitary membrane. 

Posterior branches. — The branches directed backwards from the spheno- 
palatine ganglion are the Vidian and pharyngeal nerves. 

The Vidian nerve, arising from the back part of the ganglion, which seems to be 
prolonged into it, passes backwards through the Vidian canal to the foramen lacerum, 
where it divides into the great superficial and the great deep petrosal nerves. While 
in its canal, the Vidian nerve gives some small nasal branches, which supply the 
membrane of the back part of the roof of the nose and septum, as well as the mem- 
brane covering the end of the Eustachian tube ; and it is joined by the sphenoidal 
filament from the otic ganglion (p. 249). 

The large superficial petrosal nerve (fig. 169, 8), entering the cranium on the 
outer side of the carotid artery and beneath the Gasserian ganglion, is directed 
backwards in a groove on the petrous portion of the temporal bone to the hiatus 
Fallopii, and is thus conducted to the aqueductus Fallopii, where it joins the 
geniculate ganglion of the facial nerve. 

The large deep petrosal nerve (fig. 159, 9), shorter than the other, is of a reddish 
colour and softer texture : it is directed backwards, and on the outer side of the 
carotid artery ends in the filaments of the sympathetic surrounding that vessel. 

In accordance with the view taken of the ganglia connected with the fifth nerve 
(p. 237), the superficial and deep petrosal parts of the Vidian nerve may be regarded 
as the motor and sympathetic roots respectively of the spheno-palatine ganglion, the 
spheno-palatine nerves constituting its sensory root. The ganglion may also receive 
fibres from the glosso-pharyngeal nerve, conveyed to it through the small and large 
deep petrosal nerves (p. 260, and fig. 170) : this connection is sometimes described 
as a second sensory root. 

The pJiaryngeal nerve is small, and springs from the back of the ganglion, often 
in common with the Vidian nerve. It enters the pterygo-palatine canal with an 
artery, and is lost in the lining membrane of the pharynx behind the Eustachian 
tube. 

Summary. — The superior maxillary nerve, with Meckel's ganglion, supplies the 
integument of the cheek and the fore part of the temple, the lower eyelid, the side 
of the nose, and the upper lip ; the upper teeth ; the lining membrane of the nose ; 
the mucous membrane of the upper part of the pharynx, of the antrum of Highmore, 
and of the posterior ethmoidal cells ; the soft palate, tonsil, and uvula, and the 
glandular and mucous structures of the roof of the mouth. 

in.— INFERIOR MAZHiIiARY nxrvs. 

The lower maxillary nerve (n, mandibularis), the third and largest division of the 
fifth, is made up of two portions of unequal size, the larger being derived from the 
Gasserian ganglion, and the smaller being the slender motor root of the fifth nerve. 
These two parts leave the skull by the foramen ovale in the sphenoid bone, and 
unite immediately after their exit. Three or four mm. below the base of the skull, 
and under cover of the external pterygoid muscle, the nerve separates into two 
primary divisions, one of which is higher in position and smaller than the other. 

The small, anterior, or upper portion (n. ma^iicatoriiis) receives the greater part 
of the fibres of the motor root, and breaks up into temporal, masseteric, external 
pterygoid, and buccal branches, of which the last alone is a sensory nerve. The 
large, posterior, or lower portion is chiefly sensory, and divides into auriculo- 
temporal, lingual, and inferior dental nerves ; it likewise suppli es through the last- 
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mentioned branch the mylo-hyoid muscle and the anterior belly of the digastric. 
The branch to the iutemal pteryfjoid muscle, with nrhich also are connected those 
proceeding through the otic ganglion to the tensors of the palate and tympanum, is 
sometimes counted as a part of the larger division, but is more con'CGtly regarded 
as arising from the undivided trunk. 

The short trunk of the nerve also gives off, as it issues irom the foramen ovale, 
a slender recurrent branch (». spinosus), which passes backwards into the skull 
through the foramen spinosum with the middle meningeal artery, and divides like 
that vessel into two branches. The anterior of these sends its filaments into the 




preat wing of the sphenoid bone, while the posterior traverees the petro-squamous 
fissure, and is distributed to the mucous lining of the mastoid cells (Luschka). 

From the eheath which the inferior maiillftry nerve receives from the dura mater in its 
passage throDgh the foramen ovale tuliular prolon (rations are continued on the several offsets 
of the trunk. Those containing- the moasetecic and auriculo-temporal nerves ore of consider- 
able Btren)rth, and beoome blended with the capsule of the temporo-mBxillary articulation in 
front and on the inner side Tes|>ectivelj, so that they are ezi>ased to a certain degree of 
traction during the movements of the lower jaw. (E. Fawcett, Joum. Anat., nvii, 1893, 
p. 179.) 

Varletlea. — One or more of the branches of the superior division of the nerve ma; arise 
separately from the main trunk. 

There is not unfrequeiitly b small fibrous band {^ptirygc-tplii-HiiijIal ligami-Ht') extending 
from the root of the eiccmal pt«ry)^oid plate to a spot od the ^reat winR' of the sphenoid a 
little in front of the foramen spinosum, and lying in the angle between the two divisions of 
the inferior maiillary nerve. In rare cases this bond is replaced by bone, so that the small 
part of the nerve passes out through a special foramen on the under side of the irreat wing of 
the sphenoid, just external to the foramen ovale. (Hj-rtl, '' L'eb. d. Porus crotaphitico- 
buoainatorina," Wiener Sitzungsber., 1SC2 ; A. t. Bmnn, " Das Foramen pterygo-spinosam 
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nnd d. Fonu orotAphitico-buccinatorinB," Anat. Anz., vi, 1891 ; U. Orosae, " Ueb. d. Foramen 
ptarjrgo-Bpmoanm n. d. Foramen crotaphiticci-bucciiiatoriiim," Aaat. Adz., tiII, 1893 ; J. Yule 
Hiickaj. in It«port of Committee of CoUectJTe Jnveetigation of Anat. Soc., Joum. Anat., 
xzviii, 1893, p. C7.) 

The deap tenpozal ncrvsa (figs. 152 and 162) are usually three in number, 
bat are subject to considerable variety in their arrangement. The anlerivr is given 
off by the buccal nerve after it has perforated the external pterygoid, and ascends 
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(Pnim Sappej, »ft«F Hinchfeld ud LsTeiU^.) % 

The lygoms and part of the nmaa of the lower jaw have been removed ; the dental canal haa been 
openud up ; the lower part of the temporal mimcle bus been taken away, and the maieetvi mnscle tamed 
down : 1. maiwsteric nerre ; 2, poateriar deep lempoial nerve ; 3, bucc^ nerve ; 4, branch of the facial ; 
5, anterior deep temporal nerve ; 6, filaments giren by the buccal to the external pterygoid niuacle ; T, 
middle deep temporal nerve ; 8, auriculo- temporal nerve ; 9. its temporal branchee : 10, ita bianchea 
to the meatus and auricle; 11, its union with the facial; 12, lingual nerve; 13, niylo-byoid nerve; 
14, inferior dental nerve ; \5, its twigs to the teeth ; 13, mental branch ; 17, hruiich of the faci.il 
uniting with the mental. 

to supply the foremost part of the temporal muscle. The middle passes ontwards 
above the external pterygoid and turns upwards close to the bone to enter the deep 
surface of the muscle. The posterior is generally conjoined with the masseteric 
nerve, and, taking a conrse similar to the middle branch, ramiSes in the hinder part 
of the mascle. The nimiber of these nerves is frequently reduced by the union of 
the middle with either of the other branches. 

The Biassetorio narre likewise passes above the e:ttemal pterygoid, and is 
directed nearly horizontally outwards at the posterior border of the tempoml 
muscle, and through the sigmoid notch of the lower jaw, to the masseter, which it 
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enters at the hinder part of its deep surface. It also gives a filament or two to the 
articulation of the jaw. 

The external pterygoid nerve generally arises in common with the buccal 
branch, and penetrates the inner surface of its muscle. 

The buccal nerve, which differs from the foregoing branches in being entirely 
a sensory nerve, is usually conjoined at its origin with the anterior deep temporal 
and the external pterygoid nerves. It passes forwards between the heads of the 
external pterygoid, and then descends in close contact with the inner side (occa- 
sionally perforatiug some of the fibres) of the temporal muscle at its insertion, to 
the surface of the buccinator muscle. Here it divides into several branches which 
join in a plexus round the facial vein with the buccal branches of the facial nerve, 
and are finally distributed to the skin and mucous membrane of the cheek, extend- 
ing as far forwards as the angle of the mouth. 

Varieties. — The buccal nerve is occasionally replaced by a branch of the superior 
maxillary (p. 240). It has been seen by Turner arising from the inferior dental nerve in the 
dental canaJ, and issuing by a small foramen in the alveolar border of the lower jaw, close to 
the ramus. Gaillet describes it in one case as arising directly from the Gasserian gang^lion, 
and passing from the cranium through a special aperture between the round and oval 
foramina. 

The internal pterygoid nerve (fig. 164, 18) is closely connected at its origin 
with the otic ganglion, and descends to the inner or deep surface of its mascle, 
being separated from the lingual and inferior dental nerves by the pterygo-spinous 
ligament when that band is present (see Osteology, p. 47). From this nerve mainly, 
as it passes the otic ganglion, arise the small branches to the tensor palati and tensor 
tympani muscles. 

Anricnlo-temporal nerve. — The auriculo-temporal nerve takes its origin close 
to the foramen ovale, usually by two roots which embrace the middle meningeal 
artery. It is directed at first backwards, beneath the external pterygoid muscle, to 
the inner side of the neck of the lower jaw ; then changing its course, it turns up- 
wards between the ear and the temporo-maxillary articulation, under cover of the 
upper end of the parotid gland ; and finally, emerging from beneath the latter, it 
ascends over the base of the zygoma in company with the superficial temporal artery, 
behind which it is placed, to terminate on the side of the head as the superficial 
temporal nerve. 

Branches, — (a) Communicating Iranchea. — The roots of the auriculo-temporal 
nerve are joined, close to their origin, by slender filaments from the otic ganglion ; 
and from the trunk of the nerve, as it turns upwards, one or two considerable 
branches are sent forwards round the commencement of the superficial temporal 
artery to the temporo-facial division of the facial nerve, 

(h) The articular hranrches are one or two fine twigs to the hinder part of the 
temporo-maxillary articulation. 

(c) The nerves of the extei'nal auditory meatus are two in number, upper and 
lower, and enter the canal between the osseous and cartilaginous parts of its wall. 
They supply the skin of the meatus, and the upper one sends a filament to the 
membrana tympani. 

(rf) Parotid brancJies pass from the nerve, or from its connecting branches with 
the facial, to the gland. 

(c) The anterior auiicuJar nerves are usually two in number, and supply the skin 
of the tragus and of the upper and fore part of the pinna. 

(/) The superficial temporal nerve divides into slender branches which supply 
the skin over the greater part of the temporal region, the anterior ones forming 
communications with the temporal branches of the facial nerve (fig. 171, 18). 



THE INFERIOR DENTAL AND LINGUAL NERVES, 247 

Inferior dental neinre. — ^The inferior dental or mandibular nerve (n. alveolaria 
inferior) is the largest of the branches of the lower maxillary nerve. It descends 
under cover of the external pterygoid muscle, behind and to the outer side of the 
lingual nerve, and, passing between the ramus of the jaw and the internal lateral 
ligament of the temporo-maxillary articulation, enters the inferior dental canal. 
In company with the dental artery, it proceeds along this canal, and supplies 
branches to the teeth. At the mental foramen it bifurcates ; one part, the incisor 
branch, being continued onwards within the bone towards the middle line, while the 
other, the much larger mental branch, escapes by the foramen to the face. 

When about to enter the foramen on the inner surface of the ramus of the jaw, 
the inferior dental nerve gives off the slender mylo-hyoid branch. 

Branches. — (a) The mylo-hyoid branch descends in the groove on the inner side 
of the ramus of the lower jaw to the under surface of the mylo-hyoid muscle, to 
which and to the anterior belly of the digastric it is distributed. The fibres of this 
nerve may be traced back within the sheath of the inferior dental to the motor root 
of the inferior maxillaij nerve. 

{H) The dental brancJies supply the molar and bicuspid teeth, together with the 
adjoining part of the gum. They form by their communications a fine inferior 
dental plexus, resembling that formed by the corresponding nerves in the upper jaw. 

(c) The incisor branch continues the direction of the trunk of the nerve, and 
supplies filaments to the canine and incisor teeth. 

(d) The mental or labial nerve, emerging from the bone by the mental foramen, 
divides beneath the depressor anguli oris into three parts, an inferior, which descends 
to the integument of the chin, and two superior, which ascend to the skin and 
mucous membrane of the lower lip. All three communicate freely with the 

mandibular branch of the facial nerve. 

« 

Varieties. — The inferior dental and lingual nerves have been observed to form a single 
trunk as far as the dental foramen. On the other hand, they are often separated by an 
accessory ligament stretched between the external pterygoid plate and the spine of the 
sphenoid, to the outer side of the pterygo-spinous ligament (see v. Brunn, op. cit. p. 244). 
The inferior dental nerve is occasionally perforated by the internal maxillary artery. It 
sometimes has one or two accessory roots from other divisions of the inferior maxillary. The 
most common of these is one which arises from the Gasserian ganglion and remains separate 
until after it enters the dental canal (lesser ir^ferivr dtmtal nerve, Sapolini). 

The mylo-hyoid nerve frequently (constantly, Sappey) gives off a small branch, which 
pierces the mylo-hyoid muscle and joins the lingual nerve. Branches are also described as 
passing from the mylo-hyoid nerve to the depressor anguli oris and platysma myoides muscles 
(Henle), to the integument below the chin (Krause, Schwalbe, and others), and to the sub- 
maxillary gland (Meckel, Henle, Cumow). 

Lingual nerve. — The lingual branch descends under cover of the external 
pterygoid muscle, lying to the inner side and in front of the dental nerve, and 
genentlly united to that by a cord which may cross over the internal maxillary 
artery. Near its origin, it is joined at an acute angle by the chorda tympani, a 
small branch which is given off by the facial nerve, and descends from the inner 
end of the Glaserian fissure. It then passes between the internal pterygoid muscle 
and the ramus of the lower jaw, and is inclined obliquely inwards to the side of the 
tongue, over the upper constrictor of the pharynx (where this muscle is attached to 
the jaw), and above the deep portion of the submaxillary gland. Lastly, the nerve 
crosses below Wharton's duct, and is continued along the side of the tongue to the 
apex, lying immediately beneath the mucous membrane. 

Bramhes. — (a) Communicating brandies, — In addition to the cord above men- 
tioned passing from the inferior dental to the lingual nerve, and the connection with 
the fecial nerve through the chorda tympani, the lingual nerve gives off branches to 
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the submaxillary ganglion at the place where it is in contact with the submaxillary 
gland, and a lit^e farther forwards one or two filaments descend over the fore part 
of the hyo-glossus muscle to join in loops with similar branches of the hypoglossal 
nerve. 

(b) Branches to the mucous membrane of the mouth are given from the nerve at 
the side of the tongue, and supply also the gum. Some delicate filaments are like- 
wise distributed to the sublingual gland. 

(c) The lingual or terminal branches perforate the muscular structure of the 
tongue, and divide into filaments which are directed upwards to the mucous mem- 
brane of the anterior two-thirds of the organ, where they terminate mainly in the 
conical and fungiform papillae. Microscopic ganglia are found in their ultimate 
ramifications. 

Submaxillary Ganglion. 

The submaxillary or lingual ganglion (fig. 181, 7) is placed above the deep 
portion of the submaxillary gland, and is connected by anterior and posterior fila- 
ments with the lingual nerve, Irom which it thus appears to be suspended by a loop. 
It is somewhat larger than the cihary ganglion, and triangular or fusiform in 
shape. The cells of the ganglion are multipolar. Its hinder part receives branches 
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Fig. 163. — Submaxillary and sublingual 
OAKOLIA OF AN INFANT. (Rauber.) } • 



from nerves which may be regarded 
as its roots, while from its fore and 
lower par:s proceed the branches for 
distribution. 

Roots op the ganglion. — ^The 
pobterior connecting branch from 
the lingual nerve, often broken up 
into two or three filaments, conveys to the ganglion fibres from the chorda tyrapani 
and the inferior maxillary nerve, and thus represents the motor and sens&i-y roots of 
the ganglion. The sym^iathetic root is formed by slender twigs from the plexus on 
the facial artery. 

Branches. — Five or six small nerves descend from the ganglion to the sub- 
maxillary gland, and othera run forwards to the mucous membrane of the mouth 
and Wharton's duct. The anterior branch of communication with the lingual nerve 
is probably composed of fibres which pass from the ganglion and are distributed with 
the offsets of that nerve. There is also occasionally a small branch or two passing 
to the hypoglossal nerve (Meckel, Bose). 

A minute i^ihlingval fjanglion is described by some anatomists on the filaments passing* 
from the lingual nerve to the sublingual gland (fig. 163 ; 181, 8) ; and smaU groups of nerve- 
cells are also found in the adjoining part of the lingual trunk (Rauberj. 



Otic Ganglion. 

The otic ganglion, or ganglion of Arnold, of a reddish-grey colour, is oval in 
shape, flattened from within out, and measures about 4 mm. in its longest (antero- 
posterior) diameter. It is situated immediately below the foramen ovale, on the 
deep surface of the inferior maxillary nerve, covering, and not un frequently- 
surrounding, the origin of the internal pterygoid branch. Its inner surface is close 
to the cartilaginous part of the Eustachian tube and the tensor palati muscle ; 
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behind it is the middle meningeal artery. Its cells also belong to the maltipotar 
variety. 

BooTB. — The ganglion receives, through its coanection with the nerve to the 

Fig. 164.— Thk 



(Pro 01 Sapper, after A 
The temporal b 




mold.) g 
irided m u to 
surface of the membrans 
tyrapiDi BDtl tbe canal of the facial 
nerve ; the foramen ovale ii opened on 
the inner uiJe : 1, amall root of the fifth 
oene, pnHsing down on the ipner siilo 
of tbe Uasserian guiglion to unite with 
the inferior maiillu-j di»iaion ; 2, inferior 
dental nerre ; 3, mjlo-hfoid branch, 
seen aba farther down emerging in front 
of the internal pterygoid muscle; 4, 
lingaal 1 5, chonja tjmpani; 6, facial 
nerve in its canal ; 7. auriculo-temponil 
nerve, enclosing in ite loop of origin the 
middle menin^al artery ; S, otic gang- 
lion ; 9, amall superficial petrosal nerve ; 

10, branch to the tensor tjmpani muscle ; 

11, twig connecting the ganglion with the 
auriculo-temporal nerve ; 12, twig lo the 
ganglion from the sympathetic on the 
meniageal artery ; 1 3, nerre to the 

internal pterygaid mnscls ; 14, branch to the tenior palati moBcle. 

internal pterygoid, fibres from the inferior maxillary nerve, and these may be 
regarded as constitnting its motor and sensory roots {short root of Arnold) ; the 

Fig. 16,^.— Tnl OTlo OABaUDR, with its 
(Bauber.) ) 




si/mpaUielic root ie a filament (or 
two) passing forwards from the 
plesns on tbe middle meningeal 
artery. The ganglion is also 
joined posteriorly hy the small 
superjkial petrosal nerve {long 
root, Arnold), which connects it 
with, and probably conveys to it 
fibres from, the facial and glosso- 
pharyngeal nerves (p. 2G0) ; and 
a slender sphenoidal filament 
ascends from it to the Vidian 

BRASCHE.S. — {a) Two or more 
pale branches pass backwards to 
the roots of the auricolo-temporai 
nerve, and convey secretory fibres 
from the gloaso -pharyngeal nerve 
to the parotid gland. 

{b) A communicating twig descends to the chorda tympani. 

{c, d and e) Slender filaments pass from the ganglion to the nerves snpplying the 
internal pterygoid, teosor palati and tensor tympani muscles. 

(/) A filament joins the buccal nerve (Hanber). 
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Summary. — Cutaneous filaments of the inferior maxillary nerve ramify on the 
side of the head and the jextemal ear, in the external auditory canal, the lower lip, 
and the lower part of the face ; sensory branches are supplied by it to the greater 
part of the tongue ; and branches are furnished to the mucous membrane of the 
mouth, the lower teeth and gums, the salivary glands, the articulation of the 
lower jaw, the dura mater and skull, and the mucous lining of the mastoid 
cells. 

This nerve supplies the muscles of mastication, viz., the masseter, temporal, and 
two pterygoids ; also the mylo-hyoid, the anterior belly of the digastric, the tensor 
palati and tensor tympani muscles. 



VI.— ABDUCENT KEBVE. 

The sixth nerve (abducent nerve of the eyeball, external oculomotor) is distri- 
buted solely to the external rectus muscle of the eye. Its fibres arise from a nucleus 
placed close to the floor of the fourth ventricle immediately above the strisB acusbicae, 
beneath the eminentia teres. Leaving the inner side of the nucleus, they pass for- 
wards and somewhat downwards through the lower part of the pons, and form a 

Fig. 166. — Flak of the oriqin and course within the 

PONS OF THE SIXTH AND SEVENTH NERVES. 

The nerves aud their nuclei are projected on to a sagittal 
section of the pons near the median plane : VI, sixth nerve ; 
N.VI, its nucleus ; VII, facial nerve ; G, its inner genu ; 
N.VII, its nucleus ; S.O., superior olive. 

flattened band, which emerges in the depression 
at the lower edge of that body immediately 
external to the pyramid. One or two of the 
innermost bundles frequently issue between the 
fibres of the pyramid, or from the lower edge of 
the pons. 
The nerve speedily becomes rounded, and is directed upwards and forwards, 
lying for a distance of about 15 mm. between the anterior surface of the pons and 
the occipital bone. It then enters an aperture in the dura mater to the inner side 
of and slightly below that of the fifth nerve (see Vol. II, fig. 182), and passing on 
the outer side of the inferior petrosal sinus, it crosses over the apex of the petrous 
bone, and beneath the petro-sphenoidal ligament (see Osteology, p. 43), to enter the 
cavernous sinus. In that cavity the nerve is directed forwards along the outer side 
of the internal carotid artery, and reaching the outer wall of the space anteriorly, it 
then passes into the orbit through the sphenoidal fissure, and between the heads 
of the external rectus, to which muscle it is distributed on its ocular surface 
(fig. 149, 6 ; 15G, 5). As the nerve enters the orbit, it is placed below the 
other nerves passing through the sphenoidal fissure, but above the ophthalmic 
veins. 

While contained in the cavernous sinus, the sixth nerve is joined by filaments 
from the carotid plexus of the sympathetic, and as it enters the orbit it receives a 
small filament from the ophthalmic nerve. 

The number of fibres in the sixth nerve has been estimated at 2,000 to 2,500 by Rosenthal, 
8,600 by Teigast. They are mostly large, but there are some of medium size ; fine fibres are 
scanty. 

Variety. — Absence of the sixth nerve upon one side is recorded, its place being supplied 
by a branch of the third nerve (Generali). 
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Til.— 7ACUL irZBTZ. 

The nucleus of the seventh or facial nerve is sitnated in the fonnatio reticnlaris 
of the loiver part of the pons, about on the same level as the nucleus of the sixth 
nerve, but farther from the floor of the fourth ventricle. The fibres leave the back 
of the nucleus, and are directed at first dotBO-mesially towards the lower end of the 

oaiNiAti KiKvis. (Adapted from Scbwftlb«.) 
The outline represenbi s traoaverBe Mction of the lovor 
part of the pons, on to which the couTBe oE the faclil nerre in 
lirojected : VI, sixth nerTs ; N.TI, its nacleus ; VII, facia\ 
□errs ; VII. a, the uceadJUK portion of its root. Buppoaed to be 
Been in optical section ; N. VII, ita nacleiu : 80, superior ■ 
oliTO ; AV, ascending or bulbar root of fiftJk nerve ; TIU.U, 
mesial root of auditor; nerve. 

abdacent nncleus. Here they are collected into a 

well-marked bundle, which ascends for a short 

distance close beneath the floor of the ventricle, 

then bends sharply downwards acd outwards over 

the upper end of the abducent nucleus (trm«r genu 

of the facial nerve), and finally runs forwards and 

outwards through the lower part of the pons, to 

emerge at the upper end of the medulla oblongata in the depression between the 

olivary and reatiform bodies. Those fibres of the nerve, however, which supply 

the frontalis, orbicularis palpebrarum and corrngator snpcrcUii maacles (ocnlar 

facial) probably arise from the oculomotor nnoleus, and descend by the posterior 

Fig. ]6S.— Thk facul HinvE in in cahal, 




after HinchfelJ aod Le- 



Tlie maatoid and a part of the petrous bone 
have been divided nnarlj vertically, and the 
canal of the facial serre opened in its whole 
extent from the internal meatue to the nt^lo- 
mastoid foramen ; the Vidian canal has also been 
opened from the outer ude : 1, facial nerve in 
the first horiiontBl port of its conrae ; 2, its 
aecund port turning backwards ; S, its verLical 
portion ; 4, the nerre at its exit from the stjlo- 
mostoid foramen ; 5, geniculate gnnglion ; 6, 
large auperficiai petrosal nerve ; 7, spheno- 
palatine ganglion ; 8, small superficial petrosal 
nerve; 9, chordatympani ; 10, posterior aurii^u. 
lar blanch cut short ; 11, bisnchtothe digastric 
moscle ; 12, branch to the st;lo-hyoid moscle ; 
13, twig uniting Hith the gloBso-pharyngeal uerre 




{11 and 15). 



longitudinal handle to join the issuing portion of the root j and it is possible that 
the fibres for the orbicularis oris are derived from the hypoglossal nucleus. 

Ac its auperficiai origin the iacial nerve rests against, and commonly adlieres for 
a short distance to, the lower border of the pons just where the latter is passing into 
the middle peduncle of the cerebellum, and immediately below the fifth nerve. To 
its outer side is the auditory nerve, and between the two is a slender fasciculus 
(fig. 140, between vii and viii) known as the pam or portio mtaTmedift of 
Wriaberg (n. inlennedivs), which joins the facial nerve in the auditory canal. 



252 



THE CRANIAL NERVES. 



The fibres of this part have been traced centrally to the upper end of the glosso- 
pharyngeal nncleus (Daval), It is freqaently connected more or less closely at its 
emergence with one or both of the nerves between which it lies, and in many cases 
& few of its fibres pass distally into the auditory nerve. 

The fibres of the facial nerve are mostly gf mediom size, but the portio iutenoedift 
consints almost wholly of very small fibres. Indications of a degenerated Ranglion are found 
in the facial nerve close to its exit from the bnlb (Thomaen, Gaakell). 

From its supcrficia) origin, the facial nerve is directed outwards in company with 
the auditory nerve to the internal auditory meatus. Here the facial lies in a groove 
along the upper and fore part of the auditory nerve, and the portio intermedia is 
phiced between the two. At the bottom of the meatus the facial nerve enters the 

Pig. 189.— GKltlCULiTE OASOLTOir OW TH« FICI.L BSRVl 

AMD ITS CONNECTIONS rHOH iBuvE. (bidder.) 
The diasection is made in the middle fossa of the 
skull on the right side, part of the temporal boas being 
removed so as to open the internal auditory meatus. 
hiatus Fallopii, and a part of the canal of the facial 
nerie, together with the caiitj of the tympanam ; a, 
auricle ; b, middle fossa of the skull »ilh the meningeal 
artery ramifying in it ; 1. facial and auditory nerves in 
(he internal auditory meatus ; S, large snporficial 
petroial nerve ; 3, amall superficial petrosal nerve lying 
over the tflnsor tjmpani muscle ; 4, eileraal superficial 
petrosal nerve joining sympathetic twig on the meningeal 
artery ; i, &tcial and chorda tympani ; S, nervea enter- 
ing tiie jngolar fommea. 

aqueduct of Failopius, and follows the wind- 
ings of that canal through the temporal bone 
to the lower surface of the sknll. It passes 
at firet horizontally ontwarda for a short 
distance, between the cochlea and vestibule, 
to the innei' wall of the tympanum, where it bends sharply backwards above the 
fenestra ovalis, and then arches downwards behind the pyramid and the tympanic 
cavity to issue by the stylo-mastoid foramen. At the place where it turns backwards 
(outer genu -, yentculum n. faciaiiii), the nerve presents on its fore part a reddish 
enlargement which contains unipolar nerve-cells, and is named the genicnlat* 
ganglion (ganglion genkuli). This ganglion is mainly connected with the portio 
intermedia, and the fibres which proceed from its cells (both proximally and distally) 
are probably afferent. Below the skull, the facial trunk is continued downwards 
and forwards through the substance of the parotid gland ; and a little behind the 
ramus of the lower jaw it terminates by dividing into two parts, tempcro-facial and 
cervico-facial, from which numerous branches spread over the side of the head, the 
face, and the upper part of the neck, communicating freely with one another, snd 
thus forming a radiating plexus to which the name of pes anserinus or plejia 
jKtrotiileus has been given. 

BuANTHKS.— A. Arisiiuj from the facial nerve during its course ihrovgh the 
temporal bone, 

Coinmiuiica>ting fllMnauts with the Koditoir nerve. — These are one or 
two slender twigs passing between the geniculate ganglion and the npper division of 
the eighth nerve at the bottom of the internal auditory meatus, and probably con- 
veying to the facial nerve fibres derived from the portio intermedia. 

The large raperfleial petrosal nerve is directed forwards from the geniculate 
ganglion, and issues by the hiatus Fallopii on the upper surface of the petrons 
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portion of the temporal bone. Inclining downwards beneath tbe Gasserian ganglion, 
die nerve enten the foramen lacernm, and is continued across the onter side of tbe 
internal carotid artery to the posterior opening of the Vidian canal, where it unites 
with the large deep petrosal nerve (derived from the sympathetic on the carotid 
artery) to form the Vidian nerve joining the back of the spheno-palatlne ganglion 
(p. 24S). 

In addition to convejing fibres from the facial nerve (or pOTtio intermedia) to the spheno- 
palatine ganfflion, the lar^ mperGcial petrosal nerve contains others, derived preenmably from 
the fifth nerve, which ran distaUy in the facial trunk. (See R. Penzo, " Ueb. d. Ganglion 
i^enicLtli u. d. mit demselben zusammsnhiuigendeD Netven," Anatom. Anzeiger, viii, 1 SU^. T3S : 
M. V, Lenhoas^k, " Das Qanglion genicali N. facialis a. Beine Verbindnngen," in '' Beitriije mr 
Hist^logie dea tfervenyiitenia," &c., IH'Jl.) 




— . Mrvieo-faeiat 



rft.fy., chorda tjmpani 
'U; fiympalhetic on the int 
tympanic oerve and the flyi 



its middle part is remoTed ; tg., tympanic branch of the glosso. pharyngeal ; 
raal carotid nrWry ; car.li/,, carotico-tympiBic nerre, passing between the 
I pathetic ia the carotid canal. 



Communicatioa witli tJia •mall inperficial patrosal nam— A minute 
brand] connects the geniculate ganglion with the small superficial petrosal nerve 
passing from the tympanic plexus to the otic ganglion (p. 2t;o). 

The external sitperAcial petrosal nerve (Bidder) unites the geniculate 
ganglion with tbe sympathetic filaments on the middle meningeal artery. This 
nerve is not always present (Ranber). 

A brancli to the atapedios muscle is given off by the facial nerve as it 
descends behind the pyramid. 

Cliorda tjrmpaai. — This branoh, which according to many observers is in lar^e 

VOL. III. PT. ff. ° 
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part at least continuous with the portio inlennedia, leaves the facial nerve at the 
lower end of the aqueduct of Fallopius, and is directed upwards and forwards 
through a small canal (iter chorda posterius) which opens on the posterior wall of 
the tympanum, close to the attachment of the tympanic membrane. It then arches 
forwards, being invested by the mucous lining of the cavity, across the upper part 
of the membrane and over the inner side of the handle of the malleus, above the 
insertion of the tensor tympani muscle. Finally, leaving the cavity by an aperture 
{iter chordcb anterius) at the inner end of the Glaserian fissure, the nerve inclines 
downwards on the mesial side of the internal lateral ligament of the jaw, and unites 
at an acute angle with the lingual nerve, in which its fibres are continued to the 
submaxillary ganglion and the tongue. Before joining the lingual nerve, the chorda 
receives a communicating filament from the otic ganglion. 

A comxniinication with the auricular branch of the pnenmo-gastrie 
nerve is generally preseht, in the form of a twig leaving the facial nerve close 
above the stylo-mastoid foramen (see p. 265). 

B. Arising from the facial nerve hdotv the base of the skull. 

The posterior auricular nerve arises close to the stylo-mastoid foramen, and 
turns upwards between the ear and the mastoid process, where it divides into 
auricular and occipital branches. 

The auricular branch ascends behind the ear and is distributed to the retrahens 
auriculam and the small muscles on the cranial surface of the pinna. A twig is 
sometimes continued upwards to the attoUens muscle. 

The occipital branch is directed backwards close to the bone, and supplies the 
posterior part of the occipito-frontalis muscle. 

The posterior auricular nerve receives communications from the great auricular 
and small occipital nerves of the cervical plexus, as well as from the auricular branch 
of the pneumo-gastric, and certain filaments which may sometimes be followed 
from its branches to the skin are probably composed of fibres derived from these 
nerves. 

The digastric branch arises close below the pi^eceding nerve, and divides into 
two or three filaments which enter the posterior belly of the digastric muscle ; one 
of these sometimes passes through or above the digastric, and joins the glosso 
pharyngeal nerve near the base of the skull. 

The stylo-hyoid branch, long and slender, arises in common with the digastric 
branch, and inclines forwards to enter the stylo-hyoid muscle on its posterior aspect. 

Temporo-facial division. — The temporo-facial, the larger of the two primary 
divisions of the facial nerve, is directed forwards through the upper part of the 
parotid gland, crossing over the external carotid artery and the temporo-maxillary 
vein. It receives one or two considerable offsets from the auriculo-temporal nerve 
(p. 24G), and speedily divides into a number of branches which form, by their com- 
munications with one another and with branches of the fifth nerve, a network over 
the side of the face, extending as high as the temple and as low as the mouth. Ite 
ramifications are arranged in temporal, malar, and infraorbital sets. 

The temporal branches ascend over the zygoma and supply the attrahens and 
attollens auriculam muscles, the frontalis, the upper part of the orbicularis palpe- 
brarum, and the corrugator supercilii. One or two filaments pass to the auricle, and 
are distributed to the small muscles on its outer surface. These branches form 
communications with the auriculo-temporal nerve, the temporal branch of the 
superior maxillary, and the supraorbital and lachrymal branches of the ophthalmic 
nerve. 

The malar branches cross the malar bone to reach the outer side of the orbit 
and supply the orbicular muscle. Some filaments are distributed to both the upper 
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aDd lower eyelids ; those in the npper lid join filamente from the litchryma) and 
Hupisorbitol neirea, and those in the lower lid are connected with filaments from 
the superior masillarj nerve. Filaments from this part of the facial also communi- 
cate with the malar branch of the upper maxillary nerve. 

The infraorbital branches (-superior bueco-labial), of lai^er size than the 




Fig. 171.— Sni-MFiciii. D 

BtAt>. (From Sappc;, ofMr Hirschfeld and LereUlt.) J 

a, FtKial Nmv.—i, trunk of the facial nerve after itB exit from the stylo-maitoid formmen ; 
poeteriar aariculw branch ; 3, filiment of ttie great aocicutar narre uniting witb tbe foregoing : 4, 
occipital brunch ; G, auricular branch ; 6, twig to the auperior auricular mnacle ; 7> nerve to the 
digaatric ; 8, that to the stjlo-hyoid muscle ; fl, superior or temporo-f acini dinsion of tbe nervo ; 10, 
11, temporal biancbea ; 12, milar ; 13, 14, infraorbital ; 15, inferior or eervico-facial dirision of the 
Bene ; 13. mandibular, and above this ihs bucral biaacbes ; 17, cervical branch. 

b, Fifth jVcnt. — 18, aariculo'tcmporal uniting with the lacinl, giving anterior auricular and parotid 
branches, and ascending to tbe temporal region ; 19, 'J<l, supraorbital ; 'il, iacbrjmal ; 22, infra- 
trochlear ; 23, malar t«ig of tbe temporo-malar ; 24, superficial bianeh of tbe .lasal ; 25, infraorbital ; 
28, buccal, uniting with branches of tbe facial ; 27, mental. 

c, CemiiMl Ntrett. — 28, great occipital ; 29, great auricular ; 30, 31, small occipital ; 32, snperficial 

others, ai-e almost horizontal in direction, and are distributed between the orbit 
and mouth. They supply the buccinator and orbicularis oris musck'S, the zygo- 
matic!, the elevators of the upper lip and angle of the month, and the muscles of 
tbe nose. Beneath the elevator of the upper lip these nerves are united in a plexus 
with tbe terminal branches of the superior maxillary nerve ; on the side of the nose 
they communicate with the nasal, and at the inner angle of the orbit with the infra- 
trochlear nerve. The lower branches of this set are connected with those of the 
cervico-facial division. -. 
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Cervico-facial division. — This division of the facial nerve is directed obliquely 
through the parotid gland towards the angle of the lower jaw, and gives branches to 
the face below those of the preceding division, and to the upper part of the neck. 
The branches are named buccal, mandibular, and cervical. In the gland, this divi- 
sion of the facial nerve is joined by filaments of the great auricular nerve of the 
cervical plexus, and offsets from it penetrate the substance of the gland. 

The buccal branches (inferior bucco-labial) are directed across the masseter 
muscle to the angle of the mouth ; supplying the buccinator and sphincter muscles 
they communicate with the temporo-facial division, and on the buccinator muscle 
join with filaments of the buccal branch of the inferior maxillary nerve. 

The mandibular branch (supramaxillary), sometimes double, runs forwards 
beneath the depressor anguli oris, and, after communicating with the mental branch 
of the inferior dental nerve, supplies the muscles of the lower lip. One superficial 
branch is continued along the margin of the lower jaw to the chin. 

The cervical branch (inframaxillary) perforates the deep cervical fascia and 
divides into slender offsets, which form arches beneath the platysma as low as the 
hyoid bone. They supply the platysma, and form one or two loops of communica- 
tion with the upper division of the superficial cervical nerve. 

Summary. — The facial nerve is the principal motor nerve of the head, supplying 
all the superficial, and some of the deep muscles. Its superficial offsets are distri- 
buted to the muscles of the scalp, the muscles of the external ear, nose, mouth, and 
eyelids (with the exception of the levator palpebrae superioris), and to the cutaneous 
muscle of the neck (platysma). Of the deep muscles, it supplies the stapedius, stylo- 
hyoid, and posterior belly of the digastric (according to some also the levator palati 
and azygos uvulae muscles through the large superficial petrosal nerve). It also 
furnishes, through the chorda tympani, secretory and vaso-dilator fibres for the 
submaxillary and sublingual glands ; and the same nerve would appear to contain 
the taste-fibres from the fore part of the tongue. 

The facial nerve is fi'eely connected with the three divisions of the fifth nerve ; 
and it also has communications with the spheno-palatine, submaxillary and otic 
ganglia, with the auditory, glosso-pharyngeal and pneumo-jgastrio nerves (through 
the auricular branch of the latter), and with parts of the sympathetic and spinal 
nerves. 

Filaments which may be traced from the branches of the facial nerve to the skin 
of the face and neck are doubtless derived from the communications with sensory 
nerves, especially the auriculo-temporal, great auricular and superficial cervical. 

YIII.— AUDITOBT KEBVE. 

The eighth or auditory nerve (w. acusfictis) makes its appearance on the outer side 
of the facial nerve, and is closely adherent for a short distance to the lower border 
of the middle peduncle of the cerebellum. It begins by two roots, the one of which, 
the mesial or anterior (radix vestibularis), passes obliquely backwards on the inner 
side of the restiform body to the dorsal auditory nucleus in the floor of the fourth 
ventricle, while the other, the lateral or posterior {radix cochlearis\ passes round the 
outer side of the I'estiform body, where it is somewhat enlarged and contains 
numerous nerve-cells {ganglion of the lateral root, ganglion radicis cochlearis\ and 
appears to be continued into the striae medullares. 

The fibres of the auditory nerve, both central and peripheral, have their origin 
in the cells of the several portions of the acoustic ganglion (vestibular ganglion, 
spiral ganglion of the cochlea, and perhaps also the ganglion of the lateral root), 
which is the equivalent of an intervertebral ganglion ; and the auditory nerve in 
the meatus corresponds therefore to the posterior root of a spinal nerve. The 
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fibres of the mesial mot pass maialj to the dorsal auditory nucleus, but some turn 

inwards to the rapht of the bulb, and others may ascend to the cerebellum either 
directly or with the intervention of a special nucleus (Bechterew). The fibres of 
the lateral root end in large part in the accessory or ventral auditory nucleus, which 
19 placed between the two roots in front of the restifoi'in body, and in the ganglion 

Pig. 172.— PtiN Of TBS SOOTS OF TaE 
iDDITORlf BBRYl. (G. D. T. ) 

The outline repreBenta ■ section at the 
junclion of tlis bulb with the pons : VI11..M., 
mesial root, YIU.L., InteiiJ root of tlie 
auditory oerve ; N-VIII-ACC, ac^ssaoty 
tiucleus ; Q.LR., ganglion of lileral rout : 
K.VIII.D., doreat nucleos of the auditory 
nerve: A.V, ascending or bulbar root of 
the fifth nerre. 

of the lateral root ; but a smaller 
number are continued into the 
medullary strife and trapezium.' 

The two roots unite as they leave 
the medulla oblongata, and the nerve 
is directed outwards to the internal 
auditory meatns, in company with 
the facial nerve, which rests in a 
groove along its upper and fore part, 
and the auditory artery, which, 
together with the portio intermedia 
of the facial nerve, is placed between 
the two tmnks. In the meatus, the nerve divides into an upper smaller and a loner 
larger part, the fibres of which are continuous with the mesial and lateral roots 
reapectively. The upper or veilibular portion {«, veetibuli), passing above the crista 
falciformis, divides again into three branches,whicharedistributed to the utricle and 

Fig. 173.— Thr AnniToBv bkbyb op thi aioHi aiui i» tsr is- 

TKBICAL AUDITORT HEATDS. 9IXn rnOM ABOYK. (SchwalbO.) ) 

The meatus haa been opened front above, and the facial nerve 
removed together with the poitio intermedia. The left aide of the 
figure corresponds to the antetior wa" ' ' 







of the 



a enlargement of aupeiior divu 




the ampullfe of the superior and external semicircular 

canals. The Imver portion givea offa small posterior branch 

(middle branch of Schwalbe),which furnishes the nerves of - 

the saccule and posterior semicircular canal, and is then V 

continued as the cochlear nerve, the subdivisions of 

which enter the apertures in the fossa below the lore part of the crista felci- 

formis. On the vestibular division of the nerve, in the superior fossa at the 

bottom of the auditory meatus, is a ganglionic enlargement (inlumescenlia ganglio- 

formia Scarpa, vestibular ganglion), which is continued below into the saccular 

nerve ; and there are said to be two small swellings on the posterior ampullary nerve 

in it« canal (Corti). The coi'responding ganglion of the cochlear nerve is contained 

> See H. Held, " Die centrala GehtirleituDg," AichiT f. Amt., 1893. 
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in the bony wall of the cochlea, and is called the spiral ganglion. The cells in these 
ganglia are bipolar. (See the anatomy of the ear.) * 

The auditory nerve often receives some of the fibres of the portio intermedia, 
and its upper division is connected at the bottom of the internal auditory meatus 
with the geniculate ganglion of the facial nerve (see p. 252). 



The branches of the auditory nerve, together with the apertures by which they leave the 

meatus, are shown in the following table : — 

o • j« • • a.' ( Utricular nerre 

Superior division or vesti- ) ^ • Ti 

vLi«* ««««« \ Superior ampullary nerve 

Dular nerve i ti 1 i ^^ 

\ External ampullary nerve 

' Posterior ) Saccular nerve . 

) branch \ Posterior ampullary nerve 



Inferior division 



/ 



1 
) 



Area cribrosa superior. 



Cochlear nerve 



Area cribrosa media. 

Foramen singulare. 
( Tractus spiralis f oraminn- 
< lentus and foramen cen- 
( trale cochlese. 



IX.^0L0S80FHABTKG£AL KEBVE. 

The ninth or glosso-pharyngeal nerve emerges from the upper part of the 
medulla oblongata, in the groove between the olivary and restiform bodies, by five 

Fig. 174. — Plan op the origin of thb OLosso-PHARYKaEAL 

NERVK. (After Obersteiner. ) 

The outline represents a transverse section of the upper 
end of the bulb : IX, roots of the glosso-pharyngeal nerve ; 
F.S., funiculus solitarius ; N.IX, glosso-pharyngeal nucleus ; 
N.AM., nucleus ambiguus ; A.V, ascending or bulbar root of 
the fifth nerve. 

or six filaments arranged in a vertical line com- 
mencing immediately below the facial nerve. 

From this spot the rootlets of the nerve pass 
backwards and inwards through the bulb to the 
special nucleus beneath the inferior fovea in the 
floor of the fourth ventricle ; some of the fibres 
turn downwards into the funiculus solitarius, and 

others, probably eiferent, bend forwards to the upper prolongation of the accessory 

vagal nucleus (nucleus ambiguus). 

The glosso-pharyngeal is composed almost entirely of very fine fibres, but mixed with 
these there are a few of medium size. 




From its superficial origin, the glosso-pharyngeal nerve is directed outwards in 
front of the flocculus to the middle compartment of the jugular foramen, thronph 
which it passes in company with the pneumo-gastric and spinal accessory nerves, 
but in a separate tube of dura mater. In the foramen, where it is placed external 
to and somewhat in front of the other nerves, it is lodged in a groove, occasionally 
a canal, in the lower border of the petrous portion of the temporal bone, and it pre- 
sents, successively, two ganglionic enlargements — the jiigular ganglion and the 
petrosal gangliaUy containing unipolar nerve-cells, like those of the spinal ganglia. 

After leaving the skull, the glosso-pharyngeal nerve appears between the internal 
carotid artery and the jugular vein, and is directed downwards over the carotid 
artery and beneath the styloid process and the muscles connected with it, to the 
hinder border of the stylo-pharyngeus ; then curving gradually forwaixis, it crosses 
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over the outer surTace of the latter mnscle, and passes beneath the hyo-gloasua to 
end in branches for the hinder part of the tongue (fig. 179, 16}. 

The jugular ganglion {g. siiperius) is aitaated at the upper part of the OBBeona 
groove in which the nerve lies during its passage through the jugular foramen. It is 

Fig. 175. — DlAaiUHlIltlC 8IETCH fBOlI 6BHIKD or 



TioNB. (Beudi.) 

A, part of the cerebellum above the fourth Ten- 
tncle ; B, medulln oblongata ; C, Bpinal cord ; 1, 
glaBsa-phar<nigeal Dene ; 2, pneu mo-gastric ; 3, 3, 
3. spina] acceabory ; 4, jugular ganglion of the 
gloaso- pharyngeal ; 5, petrosal ganglion ; 6, tym- 
panic branch ; 7, ganglion of the root of the 
pneu mo -gastric ; S, auriculu branch ; 9, gaoglion 
of the trunk of the pnemno-gaatric ; 10^ branch 
from the upper ganglion to the petrosal ganglion of 
the glosso-pbaryngeal ; 11, inner portion of the 
■pioal accessory ; 12, outer portion ; 13, pharyngeal 
branch of the pneumo -gastric ; 14, 14, aaperifir 
laryngeal branch ; 15, twigs cannecteil with the 
sympathetic ; IS, internal part of the spinal acces- 
sory prolonged with the pneurao-gastric. 

from 1 to 2 mm. in length, and it includes 

only the lower filaments of the nerve, the " 

upper ones forming a separate fascienlus 

which passes over the ganglion, and joins the trunk of the nerve below it. This 

ganglion is not always to be distinguished, and it ia regarded by Henle and others as 

Fig. 176.— The 




(Urescbet.) 

A, squaiuuus part of the left temporal bone ; B, 
petrous part : C, inferior maxillary nerve ; D, 
internal carotid artery ; a, tensor tyiupini muscle : 
I, sympathetic pleiui ; 2, otic ganglion ; 3, glosso- 
plioiyngeal nerve ; 4, tympanic nerve ; G, 5, caro- 
tico.tjmpanic twigs ; 6, twig to fenestra rotunda ; 
7, twig to fenestra ovalis ; 8, jnnction with the 
facial nerve ; 9, small auporlicial petrosal nerve ; 
10, twig from the otic ganglion to the tenaot tyiu- 
paui muBclB ; 11, facial nerve : I'i, chorda timpani ; 
13, petrosal ganglion of the glossopharyngeal; 14, 
small deep petrosal nerve. 

reBulting, when present, from the more or 
less complete separation of a part of the 
petrosal ganglion. 

The potroaal ganglion is contained 
in a smaU depression at the lower end of 
the groove in the petrous part of the 

temporal bone, and measures from 4 to 5 mm. in length. From it arise the small 
branches by which the glosso-pharyngeal is connected with other nerves at the base _ 
of the skull ; these are the tympanic nerve, and the branches of communication 
with the pneumo-gastric and sympathetic. 

BRANCHE.S. — A. Conmcling bratickes and hjmpanic braneh. 

One filament unites the petrosal ganglion of the glosao-pharyngeal nerve with 
the upper cervical gai^lion of the sympathetic ; a second passes to the auriculor 
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branch of the pneumo-gastric ; aad a third, which however is not oonatant, joins 
the ganglion of the root of the pnenmo-gaetric ner^e. 

The gloeso-pharyngeal nerve is also joined below the petrosal ganglion, in many 
cases, by a commnnicating branch trom the facial nerve (p. 25-1). 

The tympouio bnuioli (nerve of Jacobson) ascends from the petrosal ganglion, 
in company with the tympanic branch of the ascending pharyngeal artery, through 
a small canal, the orifice of which is seen on the ridge of bone between the jugular 
fossa and the carotid foramen. Having gained the inner wall of the tympanum, the 
nerve runs npwards and forwards in a groove on the surface of the promontory, and, 
after giving {or receiving) several branches, leaves the cavity at its npper and fore 
part, where it becomes the amall superficial petrosal nerve. The latter traverses a 
small canal, which crosses beneath the npper end of the canal of the tensor tympaoi 
muscle, and emerges on the npper snrface of the petrons portion of the temporal 
bone, immediately external to the hiatns Fallopii. Then inclining downwards, the 

TIOR WITH TBI FICIAL. (KnUW.) { 
1, facial nerve, pToiimil end; 2, gcnicnlate ganglion; 3, facUl 
nerve, distal end ; 4, nsrve to faneilra ovalia ; 5, gnngl ion- cells in 
tympanic nerve ; Q, nerve of feneetra rotunda ; 7, tympanic nerve from 
gluB» -pharyngeal ; 8, small deep petrosal nerve ; 9, nerve to EuBtachuui 
tube ; 10, filament to genicnlale ganglion ; 11, email snperGcial petro- 
sal nerve ; 12. petrosal branch of middle meningeal arteiy ; 13, large 
superficial petrosal nerve ; 14, Pacinian corpiucles in the dura mater. 

nerve passes from the skntl through the fissnre between 
the petrous and the great wing of the sphenoid, or 
occasionally throngh a small aperture in the latter bone, 
and terminates in the otic ganglion. As it lies in its 
canal, the small superficial petrosal nerve is joined by a 
filament of communication from the geniculate ganglion 
of the facial nerve, or from the large superficial petrosal 
nerve close to that ganglion. 

The branches of the tympanic nerve are partly dis- 
tributed to the mucous lining of the middle ear. and 
partly form communications with other nerves, giving 
rise to what is called the tympanic pJerus. Of the former 
set, the principal branches are — one directed forwards to the Eustachian tube, and 
two backwards to the neighbourhood of the fenestra rotunda and fenestra ovalis, 
and to the mastoid cells. The conununicating branches are, in addition to the 
smalt superficial petrosal nerve with its filament of union with the facial, one or two 
twigs (mrotico-ti/mpajiic) which pass downwards and forwards through the anterior 
wall of the tympanum to the carotid canal and join the sympathetic on the carotid 
artery, and the small deep petrosal nerve which runs forwards in a minute canal in 
the substance of the processus coohleariformis and eutere the foramen lacerum, 
where it joins the carotid plexus of the sympathetic, or sometimes one of the large 
petrosal nerves (figs, 10 J, 170). 

The tympanic nerre while in its oaaal is aurronnded by a imall fasiform mssa of soft 
■ vaecnlar ti^ue which baa been colled the f^tHjMHir gland (Kranse) ; and ns it liea in the 
tjmpajinin it oontains nnmeroos nerre-oells in irr^olar groups. 

R Branches distributed in the tuck. 

FhazTag**! bnuioli**. — The largest of these (carotid branch, pharyngeal 
division of the glosso-pharyngeal nerve — Uenle) descends along the internal carotid 
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artery and unites with the pharyngeal branch of the vagus to form the pharyngeal 
plexus (p. 265) ; this branch is sometimes divided into two or even three parts. 
One or two smaller twigs pass inwards through the superior constrictor muscle, and 
supply the mucous membrane of the upper part of the pharynx. 

A miisciilar branch is furnished to the stylo-pharyngeus, and sends also fila- 
ments through the muscle to the mucous membrane of the pharynx. 

Tonsillitic branches. — Slender filaments pass from the glosso-pharyngeal 
nerve, as it approaches the base of the tongue, to the tonsil, over which they form 
a sort of plexus (circulus tonsillaris), to the soft jxalate, and to the pillars of the 
fauces. 

Lingnal branches. — The glosso-pharyngeal nerve divides as it passes beneath 
the hyo-glossus muscle into two parts. One turns to the upper surface of the tongue 
and subdivides into many branches, which supply the circumvallate papillae and the 
mucous membrane over the posterior third of the organ, the hindmost filaments 
reaching the anterior surface of the epiglottis. The other is smaller, and is distri- 
buted to the mucous membrane of the side of the tongue, extending to about the 
middle of its length, where it forms a communication with the lingual nerve. 
Beneath the mucous membrane the terminal filaments are united in a plexus which 
contains microscopic ganglia. 

Variety. — In one case a branch from the glosso-pharyngeal supplied the mylo-hyoid 
muscle and the anterior belly of the digastric, the normal mylo-hyoid nerve being wanting 
(Guy's Hosp. Reports, vol. xiv, p. 453). 

Summary. — The glosso-pharyngeal nerve distributes branches to the mucous 
membrane of the tongue, pharynx and middle ear, as well as to the stylo-pharyngeus 
muscle, and possibly also to the middle constrictor of the pharynx. By its small 
superficial petrosal branch it furnishes secretory and vaso-dilator fibres (through 
the otic ganglion and the auriculo-temporal nerve) to the parotid gland. It is 
connected with the following nerves, viz., the inferior maxillary division of the fifth 
(through the otic ganglion), the facial, the pneumo-gastric (its trunk and branches), 
and the sympathetic. 

Z.~FKEinC0.OA8TBIC ITEBVE. 

The tenth or pneumo-gastric nerve {^ervuB vagus, par vagum) is much larger 
than the glosso-pharyngeal, and has the longest course of all the cranial nerves, 
extending through the neck and thorax to the upper part of the abdomen. It arises 
from the medulla oblongata immediately in front of the restiform body, by twelve or 
fifteen filaments beginning close below, and continuing the line of, the roots of the 
glosso-pharyngeal nerve. Its central connections are similar to those of the glosso- 
pharyngeal, the roots passing backwards towards the floor of the fourth ventricle, 
where the greater part of the fibres enter the vagal nucleus beneath the ala cinerea, 
while a smaller number pass into the funiculus solitarius, and a third set, believed to 
be efferent, spring from the accessory vagal nucleus. 

The fibres of the vagal roots are mostly small. In the trunk of the nerve there are 
also numerous fibres of medium size, but these are probably derived in large part from the 
bulbar portion of the spinal accessory nerve, which joins the vagus close below the skuU. 
Many of the larger fibres are continued into the pharyngeal and inferior laryngeal branches, 
which are in great measure distributed to striped muscles. 

The roots of the vagus form at first a flat band, which is directed outwards 
below the flocculus to the middle compartment of the jugular foramen. Here the 
nerve is contained in the same sheath of dura mater and arachnoid as the spinal 
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accessory nerve, and its filaments unite Id a Bmall gaaj^lionic enlai^ement which is 
known as the tjanijUon of Ihe root of the pneumo-gastrit. After its passage tbroagb 
the foramen, it is joined by the accessory part of the Bpinal accessory nerve, and a 
second ganglion is formed upon it, the ganglion of the trunk of the nerve. Several 
communications are at the same time established with surrounding nerves. 

The upper {fanglion or ganglion of tlie root of the pneumo-gastric nerve 
(ganglion jugulair), situated in the jngular foramen, is of a greyish colour, nearly 
spherical, and about i mm. in diameter. It has filaments connecting it with other 
nerves, viz., with the facial, the petrosal ganglion of the glosso-pharyngeal, tbe spinal 
aci«SBOry, and the sympathetic. 

The lower ganglion or ganglion of the trunlc of the pneu mo-gas trie nerve 
(cervical ganglion, ganglion nodosum) is placed below the base of the skull, about 
1 cm. beyond the upper ganglion. It is of a flattened cylindrical form and reddish 
colour, and measures from 15 to 20 mm. in length and 4 in breadth. The 

. i-n Fig. irS. — Section or iiik bulb it abodt lai 

HIDDLE or THE UL[VE. (SchwalbC. ) 

The full description of thin figure will be found 
at p. ."14 of part I. Tbe following numbore refer 
to tbo Tngua. and hvpfiglossat Derves and tbeir 
connections : n X, » X', two p)irta of the vagal 
QUcleuH ; /.)., funiculus Eolitarius ; ii. am, 
nnclpDs ambiguus or acceaeor; vagal ancleus ; 
X, bundle of vagus emerging between the resti- 
form body anil the olive ; n. XII, hypoglossal 
bundle of hypogloBsfti 




emergiug b 



m the olive and tbe pyramid. 



accessory part of the spinal accessory 

nerve runs over the surface of the 

ganglion, and is in part continued 

directly into the pharyngeal and 

superior laryngeal branches of the 

vagus ; some of the accessory fibres, 

however, become incorporated with the 

" " ' main trunk, and enter the inferior 

laryngeal and cardiac branches. The 

loner ganglion communicates with the hypoglossal, the spinal, and the sympathetic 

nerves, 

The nerve-cells in boih ganglia of the vagus belong to the unipolar or spinal 
type. 

The pneumo-gaatric nerve descends in the neck between, and concealed by, the 
internal jugular vein and the internal carotid artery, and afterwards similarly between 
the vein and the common carotid artery, being enclosed along with them in the 
sheath of the vessels. In their passage into and through the thorax, the nerves are 
disposed differently on the right and left sides. 

On Ike right stile the nerve crosses over the first part of the right subclavian 
artery at the root of the neck, and its recurrent laryngeal branch turns backwards 
and upwards round that vessel. The nerve then enters the thorax behind the right 
innominate vein, and descends on the side of the trachea to the back of the root of 
the lung, where it spreads out in the posterior pulmonary plexus. It emerges frona 
this plexus in the form of two cords, which are directed to the ojsophagus, and by 
their union and subdivision on it form, with similar brunches of the left nerve, tbe 
cesophageal plexns. Near the lower part of the thorax, the branches of the nerve, 
which have thus interchanged fibres with the nerve of the left side, are gathered 
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s{;ain into a single tmok, which, desceadiag through the diaphraj^m along the back 
of the oeBOphaguB, is finally divided between the posterior sarface of the stomach and 
the solar plexus. 

On Ike le/l aide the pneumo-gaatric nerve, entering the thorax between the left 
carotid and subclavian arteries and behind the leH innominate vein, crosses over the 




«i axixaaor; ; 4, iini< 
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1, pneiimo-gaBtric nerve ; 2, ganglionof its trunk 3 a. essoiy part of tha sp ni 
oi the pn«umo-giutrii: with the hfpoglo&sal ; o, plmi)in(,eal bran b of (he pneuioo gasi n Eupenor 
laryngeal nerve ; T, external laryngeal ; 8, commun at an of the exl« nal laryn cal ne e with the 
■uperior cartlioo branch of the fljmjittthetic ; 9, infer o o recur en larjngeal 1 su|>er or and 11, 
inferior cervical cardiac branchu ; 12, 13, posterior pu monar; p etua 14 I ngual ranch of the inferior 
maiillarr nerve : l.'i, distal part uf the hypogloEsal nerve lb gloaso pharvn eii ne a 1 sp nal bcccb- 
Bory nerve, uniting b; ita inner branch with the piieunio-gaatn anj by tso te pa. ng ntotiestemo- 
mastoid miiacle ; 18. second cervical nerve ; 19, third fourth I ur gin o the phren c nerve ; 

22, 23, fifth, aiitb, seventh, and eighth cervioil ne ves, form ni. w th the 11 -st Aonu the >>rachial 
ple:ius ; 'ii, superior ecrvical ganglion of the sympathe c .^ m ddle e • cal ),an^ on 26, inferior 
cervical ganglion united with the fint doraal ganglion 27 2S 2S 30 ex ond tl 1 fourth and Hftb 
dorsil ganglia- 
arch of the aorta, below which ita recurrent laryngeal bnnth t rns inwards and up- 
wards. It then passes behind the root of the left lung foi-m og I ke ita fellow, a 
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posterior pQlmonory plexue, whence it dcBcendg along the ceaophagoe, and takes part 
ill the formation of the oeEophageal plexos. Inferiorly, it forms a single trunk in 
front of the oesophagus, and is spread out on the anterior snrface of the stomach. 

There are Tsrious circumstances in the diBtribation of the pneamo-gfastnc nerves wbich at 
flrit siuht appear anomaloaB, but which are exphiined by reference to the process of develop- 
ment. The recurient directioQ of the inferior larynKeal branches arises from tho extreme 
shortneHS or rather nbHence of the neck in the embryo at first, and from (be primitive arterial 
arches having originnll; occupied a position at a higher level than the parte in which those 
branches are altimately distributed, and having' dragged them down aa it were in the descent 
of the heart from the neck M the thorai. The recurrent direction may therefore be accepted 
aa evidence o( the development of those nervea before the occurrence of that descent. The 
passage of one recurrent laryngeal nerve round the subclavian artery, and of the other round 
the aorta, arises from the originally symmetrical disposition in which the innominate and sab- 
ctnvian arteries on the right side, and the arch of the aorta on the left, are derived from cor- 
responding arcbes. The supply of the back of the stomach by the right pnenmo-ftaatric nerve, 
and of the front by the left nerve, ie connected with the originally symmetrical condition of the 
■limeutaiy canal, and the taming over of the stomach on ita right side in its subsequent 
growth. 

Brahchks. — Some of the branches of the pneumo-gaetric servo to connect this 
with other aerves, but the larger number are distributed to various parts of the cir- 




Pig. 180. — DlAOBAM 0? TBI BOOTS 

CATINO BKINCBIS O? lUI PNIDHu-UABTHli; l.fu 

RECOUBOUBIKO Niivui. (From Sappey, after 
HirechfeldaadLereiU^.) 

1, Eacial nerve ; 2, glosao-pbaryngea] with the 
petroaal ganglion ; 2*, connection of the digastric 
branch of the facial norve with the glossa- pharyngeal 
nerve ; 3, pneumo-gantric, with ila tvio ganglia ; 
4, spinal accessory ; 6, hypoglossal ; 8, superior 
cervical ganglion of sympathetic ; 7, 7, loop of union 
between the first two cervical nerves ; S, carotiJ 
branch of Bjmpathetic ; 9, nerve of Jacabson (tym- 
liuiic), given off from the petrosal ganglion ; 10, 
ita carotLco-tympanic fihunents ; 11, tnig to Eusta- 
chinn tube ; 12, twig to Fenestra avalia ; 13, twig to 
fenestra rotunda ; 14, small aaperficial petrosal 
nervo ; \^, laige sopetBcial petrositl nerve ; 16, otic 
ganglion ; 17. auricular branch of ppenmo-gastric ; 
18, connection of spinal accessary with pneumo- 
gsstric ; 19, union Ot hypoglossal with first cerrical 
nerve; 20, unionhetween theslemo-miiatoid brajicfa 
of tbe spinal nccessoiy anil that oE the second 
cervical nerve ; 21, pharyngeal pleius ; 22, superior 
larroeeal nerve ; 23, external laryngeal ; 24, middle 
cervical ganglion of ayiDpathetic. 

culatory, respiratory and digestive systems. 
The special connecting branches arise 
from the two ganglia of the nerve. The 
branches of distribution arise from tbe 
nerve in the several stages of ita course 
as follows : — In the jugular foramen, one 
small branch ia given to the dura mater, and another to the ear ; in the aeck, 
brauches are furnished successively to the pharynx, the larynx, and the heart ; in the 
thorax, additional branches are supplied to the heart, as well as offsets to the peri- 
cnrdium, lungs and oesophagus ; and in the abdomen, its terminal brauches are dis- 
tributed to the stomach, hver, and other organs. 
.4. Braiielits of commttiiinition. 

'Ihc nppwr ganglion of the pneumo-gjistric nerve receives a twig from the 
superior cer\ical ganglion of the sympathetic ; one or two filaments pass between it 
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and the spinal accessory nerve ; and there is sometimes a filament connecting it with 
the petrosal ganglion of the glosso-pharyngeal. 

The lower ganglion of the pneumo-gastric forms connections with the hypo- 
glossal nen^e, with the superior cervical ganglion of the sympathetic, and with the 
loop between the first two cervical nerves. 

B. Branches of distribution. 

The reenrrent or meningeal branch arises from the upper ganglion of the 
pneumo-gastric, and passes backwards through the jugular foramen to be distributed 
to the dura mater in the posterior fossa of the base of the skull. 

The anricnlar branch (nerve of Arnold) is given off from the ganglion of the 
root, and, after receiving a filament from the petrosal ganglion of the glosso-pharyn- 
geal nerve, nins backwards along the outer boundary of the jugular foramen to an 
opening near the root of the styloid process. It then traverses the substance of the 
temporal bone, crosses the acqueduct of Fallopius on its inner side about 4 mm. from 
the lower end, forming here a communication with the facial nerve, and finally 
emerges between the external auditory meatus and the mastoid process, where it 
divides into two parts, the one of which joins the posterior auricular nerve, while the 
other is distributed to the skin of the back of the pinna, and the lower and back part 
of the auditory canal. 

Varieties. — In rare inatances, absence of the auricular branch has been observed, or of the 
communication with the facial nerve. The auricular branch occasionally passes entirely into 
the facial trunk, and in that case its fibres are probably conveyed to the external ear through 
the posterior auricular nerve. 

The pharyngeal branch, often represented by two or even more offsets, and 
composed mainly of fibres prolonged from the accessory part of the spinal 
accessory nerve, leaves the upper part of the ganglion of the tnmk of the 
vagus. It courses inwards over the internal carotid artery, and divides into 
branches which, conjointly with those derived from the glosso-pharyngeal and 
the sympathetic, form the pharyngeal plexus. This plexus often contains one or 
more small ganglia, and from it filaments pass to the muscles and mucous mem- 
brane of the pharynx. The motor fibres are conveyed to the plexus by the pharyn- 
geal branch of the vagus, but they are probably derived from the bulbar part of the 
spinal accessory nerve (see p. 270) ; the levator palati and azygos uvute muscles are 
also supplied by a branch from this source.^ One slender branch {Ungual branch of 
the vagus — Luschka) descends from the pharyngeal plexus, receiving its fibres from 
the pharyngeal branches of both the glosso-pharyngeal and pneumo-gastric nerves, 
and joins the hypoglossal nerve as that turns round the occipital artery. 

Superior laryngeal nerve. — This branch springs from the middle of the 
ganglion of the trunk of the vagus, and inclines forwards on the inner side of the 
internal carotid artery towards the larynx. It is joined by filaments from the upper 
cervical ganglion of the sympathetic and from the pharyngeal plexus, and speedily 
divides into two branches which are distinguished as external and internal laryngeal. 

The external laryngeal branchy the smaller of the two, runs downwards and for- 
wards beneath the depressor muscles of the hyoid bone to the crico-thyroid muscle 
in which it ends. It receives a filament from the upper cervical ganglion of the 
sympathetic, and it gives off twigs to the inferior constrictor muscle of the pharynx, 
as well as generally a cardiac branch which joins the superior cardiac branch of the 
sympathetic. 

The internal laryngeal branch is continued to the interval between the hyoid 

^ The middle constrictor of the pharynx would appear in tlie monkey to be partly supplied by glosso- 
pharyngeal fibres (Beevor & Horsley, op, ciL on p. 270). 
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bone and the thyroid cartilage, where it perforates the thyro-hyoid membrane with 
the laryngeal branch of the superior thyroid artery, and breaks up into numerous 
diverging branches which supply the mucous membrane of the greater part of the 
larynx. Some of these ascend in the ary-epiglottic fold to the base of the tongrue and 
the epiglottis ; while others pass downwards to the folse vocal cord, and also to the 
part of the pharyngeal mucous membrane covering the back of the larynx. One 
long branch descends beneath the ala of the thyroid cartilage, and joins at the lower 
part of the larynx a similar offset ascending from the recurrent laryngeal nerve. 

Varieties. — The inij}erior laryngeal iwrre may pass on the outer side of the internal carotid 
artery. The external laiyngeal branch often arises separately from the main trunk. Offsets 
of the external laryngeal nerve have been described by different anatomists as passing- to the 
pharyngeal plexus, to the thyroid body, to the stemo-hyoid, stemo-thyroid, and thyro-hyoid 
muscles, to the lateral crico-arytenoid muscle, and to the mucous membrane of the true vocal 
cord and lower part of the larynx. The Internal laryngeal branch has been seen piercing the 
thyroid cartilage. 

A middle laryngeal nerve is described by S. Exner as a slender offset from the pharyn- 
geal plexus (in the rabbit and dog directly from the pharyngeal branch of the vagus), which 
is distributed to the crico-thyroid muscle, and to the mucous membrane of the lower part of the 
larynx by means of twigs which perforate the crico-thyroid membrane. C' Die Innervation 
des Kehlkopfes," Wiener Sitzungsber., 1884.) 

Inferior laryngeal nerve. — The inferior or recurrent laryngeal nerve of the 
right side arises at the root of the neck, and turns backwards below the subclavian 

Fig. 181. — ViBW OF THE DISTRIBUTION AND CONNECTIONS OF THE PNEUXO-OASTRIO AND 8YXPATHKTI0* 

NERVES ON THE BioHT SIDE. (Hirschfeld and Leveill^. ) 

a, lachrymal gland ; 6, sublingual gland ; Cy siibmaxillaiy gland and facial artery ; d^ thyroid body ; 
f, trachea, below which is the right bronchus cut across ; /, oesophagus ; g^ stomach, divided near the 
X>ylonis ; i. transverse colon ; r, the diaphragm. 

A, heart ; B, aorta, drawn forwards to show the cardiac plexus ; C, innominate artery ; D, subcla- 
vian : £, inferior thyroid ; F, a detached part of the external carotid, upon which runs a nervous plexus ; 
G, internal carotid emerging from its canal superiorly ; H, descending thoracic aorta ; K, iDtercoetal 
vein ; L, pulmonary artery ; M, superior vena cava ; 0, intercostal artery. 

1, ciliary nerves ; 2, bninch of third nerve to inferior oblique muscle ; 3, 3, 3, the three divisions of 
the fifth nerve ; 4, ciliary ganglion ; 5, spheno-palatine ; 6, otic ; 7, sajbroaxillary ; 8, sublingual ; 9, sixth 
nerve ; 10, facial in its canal, uniting with the spheno-palatine and m>ic ganglia ; 11, glosso- pharyngeal ; 
1*2, right pneumo-gastric ; 13, left pneumo-ga«tric spreading on the anterior surface of the stomach ; 14, 
spinal accessory ; 15, hypoglossal ; 16, 16, nerves of cervical plexus ; 17, middle trunk of brachial plexus ; 
18, intercostal nerve ; 19, lumbar nerve ; 21, superior cervical ganglion ; 22, tympanic nerve ; 23, 
large superficial petrosal nerve ; 24, cavernous plexus ; 25, sympathetic root of ciliary ganglion ; 26, fila« 
ment to pituitary body ; 27,,union of sympathetic with upper cervical nerves ; 28, pneumo-gastric nerve ; 
29, superior laryngeal nerve ; 30, pharyngeal plexus ; 31, cord of sympathetic ; 32, superior cardiac 
nerve ; 33, middle cervical ganglion ; 34, twig connecting the ganglion with, 35, the recurrent ; 36, 
middle canliac nerve ; 37, cord of sympathetic ; 38, inferior cervical ganglion ; 39, the line from this 
number crosses the nerves proceeding from the brachial plexus ; 40, sympathetic twigs surrounding the 
axillary artery ; 41, branch of union with the first intercostal nerve ; the line from the letter £, pointing to 
the trachea, crosses the ^uijerior, middle, and inferior cardiac nerves ; 42, cardiac plexus ; 43, 44, right 
and left coronary plexuses ; 45, 46, thoracic portion of the sympathetic cord ; 47, great splanchnic 
nerve ; 48, semilunar ganglion ; 49, lesser splanchnic ; 50, solar plexus ; 51, union with the pneumo- 
gastric rerv'e ; 52, diaphragmatic plexus ; 53, gastric plexus ; 54, hepatic ; 55, splenic ; 56, superior 
mesenteric ; 57, renal plexus ; 58, first lumbar symx)athetic ganglion. 

artery ; the nerve of the left side arises in the upper part of the thorax, and is re- 
flected round the arch of the aorta immediately beyond the attachment of the liga- 
mentum arteriosum. Each nerve ascends in the neck behind the common carotid 
artery, crossing either in front of or behind the inferior thyroid artery (see Vol. II, 
p. 424), and lying in the groove between the trachea and oesophagus, to the lower 
border of the cricoid cartilage, where it enters the larynx beneath the inferior con- 
strictor muscle. Under cover of the ala of the thyroid cartilage, the nerve divides 
into branches which supply all the intrinsic muscles of the larynx, with the exception 
of the crico-thyroid. It likewise gives a few offsets to the mucous membrane below 
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the rima glottidis, and a connecting filament which joins the long branch of the 
Hpper laryngeal nerve beneath the hinder part of the thyroid cartilage : through this 
communication sensory fibres are probably conveyed to the inferior laryngeal 
nerve.* 

The recurrent nerve also furnishes branches to the cardiac plexus, and twigs of 
communication with the inferior cervical ganglion of the sympathetic, as it turns 
round the large artery ; tracheal and oesophageal branches as it ascends in the neck ; 
and lastly, offsets to the inferior constrictor of the pharynx as it passes beneath that 
muscle. 

Varieties. — In cases of dorsal origin of the right subclavian artery the inferior laryn- 
geal nerve does not turn round that vessel, but passes inwards more directly to the larynx (jaee 
Vol. II, p. 386). This nerve has been seen furnishing twigs to the crico-thyroid muscle. 

Cardiac branches. — Branches to the heart are given off by the pneumo-gastric 
nerve both in the neck and in the thorax. 

The cervical cardiac branches arise at both the upper and the lower part of the 
neck. The upper brancheSy one or two, are small, and join the cardiac nerves of the 
sympathetic. The lower, a single branch, arises as the pneumo-gastric nerve is about 
to enter the chest. On the right side this branch lies by the side of the inaominate 
artery, and joins one of the cardiac nerves destined for the deep cardiac plexus ; it 
gives some filaments to the coats of the aorta. The branch of the left side crosses 
the arch of the aorta, and ends in the superficial cardiac plexus. 

The thoracic cardiac branches of the right side leave the trunk of the pneumo- 
g&(itric as this nerve lies by the side of the trachea, and some are also derived from 
the first part of the recurrent branch ; they pass inwards on the air-tube, and end 
in the deep cardiac plexus. The corresponding branches of the left side usually 
come entirely from the recurrent laryngeal nerve. 

The depressor nerve of the rabbit would appear to be represented in man in many cases by 
a Blender branch which arises from the vagus in common with or just below the superior lazyn* 
geal nerve, or perhaps has a double origin, and either descends to the cardiic plexus in eon- 
junction with the superior cardiac nerve of the sympathetic (seldom independently), or rejoins 
the vagus trunk from 1 to 3 cm. below its origin. In cases where this branch is not to be re- 
cognised the fibres are probably contained in the vagus trunk as far as the lower part of the 
neck. It is thought by Finkelstein and Alpiger that depressor fibres run in the cardiac offset 
of the external laryngeal nerve. (A. Ereidmann, '' Anatomische Untersuchungen iiber den 
Nervus depressor beim Menschen und Hunde," Arch. f. Anat., 1878 ; A. Finkelsteiu. " Der 
Nervus depressor beim Menschen, Kaninchen, Hunde," &c., Arch. f. Anat., 1880 ; A. Viti. *• Re- 
cherches de morphologic sur le nerf depresseur chez Thomme et chez les autres mammif ^res," 
Arch. ital. de Biol., v, 1884 ; G. B^k&y, " Beitrage zur Anatomic der Herznerven," 18S8 ; 
M. Alpiger, '^ Anatomische Studie iiber das gegenseitige Verbal ten der Vagus- und Sympathi- 
cusasts im Gebiete des Kehlkopfes," Langenbeck's Archiv, xl, 1890.) 

Pulmonary branches. — Two sets of pulmonary branches are distributed from 
the pneumo-gastric nerve to the lung ; and they reach the root of the lung, one on 
its fore part, the other on its posterior aspect. The anterior pulmonary 7ierves, two 
or three in number, are of small size. They join with filaments of the sympathetic 
ramifying on the pulmonary artery, and with these nerves constitute the anterior 
pulmonary plezns. Behind the root of the lung the pneumo-gastric nerve becomes 
flattened, and gives several branches of much larger size than the anterior branches, 
which, with filaments derived from the second, third, and fourth thoracic ganglia of 
the sympathetic, form the posterior pulmonary plezns. Offsets from this plexus 

* HoweU and Huber, " Physiology of the oommanicatiDg branch between the superior and the 
inferior laryngeal nerves,*' Joarn. of Physiology, xii, 1891. 
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extend along the ramifications of the air-tabe through the substance of the Idng, 
where thej are beset with minute ganglia. 

The anterior and posterior pulmonary plexuses of the two sides communicat'e with 
one another in an open network across the front and back respectively of the lower 
end of the trachea, and through these networks fibres are conveyed from both 
pneumo-gastric nerves into each lung. 

(Esophageal branches. — The cesophagus within the thorax receives branches 
from the pneumo-gastric nerves, both above and below the pulmonary branches. 
The lower branches are the larger, and are derived from the oasophageal plezns, 
formed by connecting cords between the nerves of the right and left sides, while 
they lie in contact with the oesophagus. 

Pericardial branches. — Either vagus may furnish a filament to the upper and 
fore part of the pericardium. Other twigs pass regularly to the back of the pericar- 
dium from the oesophageal plexus, and often from the posterior pulmonary plexuses 
(Zuckerkandl). 

Gastric branches. — The branches distributed to the stomach {gastric nerves) 
are terminal branches of both pneumo-gastric nerves. The nerve of the left side, 
on arriving in front of the oesophagus, opposite the cardiac orifice of the stomach, 
divides into niany branches : the largest of these extend over the fore part of the 
stomach ; others lie along its small curvature, and unite with branches of the right 
nerve and the gastric plexus of the sympathetic ; and some filaments are continued 
between the layers of the small omentum to the hepatic plexus. The right pneumo- 
gastric nerve descends on the back of the gullet to the stomach, and distributes 
branches to the posterior surface of the organ : a large portion of this nerve passes 
to the solar, splenic and left renal plexuses of the sympathetic. 

Summary. — The pneumo-gastric nerves convey motor fibres to the voluntary 
muscles of the soft palate (with the exception of the tensor palati), pharynx and 
larynx, these being in part at least derived originally from the spinal accessory, to 
the unstriped muscle of the alimentary canal — oesophagus, stomach and intestine (with 
the exception of the rectum), and of the air-passages — trachea, bronchi, and their 
divisions in the lungs. Sensory fibres arc furnished to the pharynx, oesophagus and 
stomach, to the larynx, trachea and bronchial ramifications, as well as to the dura 
mater, the external ear, and the pericardium. The vagi also supply nerves to the 
heart, both efferent (inhibitory — also received from the spinal accessory) and 
afferent (depressor), and possibly inhibitory dilator fibres to the vessels of the intes- 
tine. Lastly, pneumo-gastric fibres pass, either directly or through the solar plexus 
and its offsets, to the liver, pancreas, spleen, kidneys and suprarenal bodies. EacK 
pneumo-gastric nerve is connected with the following cranial nerves — the spinal 
accessory, glosso-pharyngeal, facial, and hypoglossal ; also with some spinal nerves ; 
and with the sympathetic in the neck, thorax and abdomen. 



XI.-4IFIKAL ACCESSOBT KERVE. 

• 

The eleventh or spinal accessory nerve (spinal nerve accessory to the vagus) con- 
sists of two parts, the one of which (bulbar or accessory) joins the trunk of the 
pneumo-gastric, while the other (spinal) is distributed to the stemo-mastoid and tra- 
pezius muscles. Its fibres spring from a continuous column of cells extending from 
the level of the lower third of the olive to the fifth cervical nerve, in the bulb placed 
dorso-laterally to the hypoglossal nucleus, and in the spinal cord forming a part of the 
ventro-lateral gi'oup of the anterior horn. From this nucleus the fibres are directed 
at first dorsally for a short distance, and then turn outwards through the lateral 
region of the bulb or cord to emerge in a series of filaments from the side of the 

TOL. HI, PT. 2. S 
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medulla oblongata below the pneDmo-^aaLric nerve, and from the lateral column of 
the spinal cord as luw down as the fifth or sixth cervical nerve. The filament* 
arising from the medulla oblongata form the small bulbar portion of the nerve. The 
lowest spinal filaments are attached to the middle of the lateral colamn ; the highest 
ones arise close to the posterior nerve-roots, with the upper one or two of which they 
are frequently connected. 

Acoording: to Holl the BEsociaCion of the dorsal root of th« first cervical nerve with, tho 
Bpinal acoeasory is onlj apparent, the two being merely bound tog-ether by connective tissae, 
and not intercbanginfr an; Glares. Kazzander found, however, id many cases a common 
origin of rootlets of the ucceseorj sad Qrst cervical nerves, or a passage of filaments between 
the two, and less frequently a commani cation with the second cervical nerve. )n one case 
also there was a small ganfrlion on the highest root of the bulbar portion of the spinal acces- 
sory nerve. (M. Holl. ■■ Ueb. d. Nerv. aocessorina Willisii," Arch. f. Anat., 187« ; J. Kai- 
lander, " Ueb. d. X. accefsorins Willisii a. seine Beziehungeo zn d. otieren Cervicalnerven," Ilc^ 
Arch. f. Anat., 1891.) 

In the bulbar portion of the eleventh nerve fine fibres predominate, although there are aome 
of medlam and lar^ site. The spinal portion ot the nerve consists almost wholly of large 
fibre*, and fine fibres ore absent. 

Tlie bulbar portion is directed outwards with the pneumo-gastric nerve ; the 
spinal part ascends between the ligamentum denticulatnm and the postenor 

,p Pig. 182. —SBcnow or pppkb i»o or spiwal cord, sboviro dkioi* 

or SPIRAL AOciBsuRT RRRTK. (After LockhoTt Clorke.) 

/, anterior, fp, poiterior median Ussure ; p, and of decaesatian of 
PTTsmtds ; Cln, Clp, anterior and posterior n»ts of first cervical 
"' . - - ■ e ; i;, csntrol csnal. 




roots of the cervical nerves, passes into the skull 
through the foramen magnum, and immediately beods 
outwards to enter the middle compartment of the 
jui^lar foramen, where the nerve is contained in the 
same sheath of dura mater as the vagus (see Vol. 11, fig. 182). In the foramen, 
the two parts of the nerve interchange fibres, and they are sometimes intimately 
united so as to form a single trunk for a short distance. The accessory part is 
also connected by one or two filaments with the ganglion of the root of the pneumo- 
gastric. 

Below the skull, the internal, linlbar, aooeuor or vagal portion passes 
over the surface of the lower ganglion of the vagus, and sends its fibres into the 
pharynged and superior laryngeal branches, and into the trunk of that nerve belcw 
the ganglion in the manner already described. 

The bulbar portion of the spinal accessory nerve contains the inhibitory fibres which pass 
by the vagus to the heart, and, as has been shown for the monkey by the experimeDts of Beevor 
and Horsley and of R^thi. the motor fibres of the levator palati and ozyiros uvulat, as well aa, 
in part at least, of the constrictor mnscleB of the pharynx. It is generally stated also that the 
motor fibres of the larynfreal muscles are derived from the same source, but this view is not 
confirmed by recent observatione of Oroe»mann, Grabower and Xavratil. (Beevor and 
Horalej, "Xote on some of the Motor Functions of certain Cranial Serves (V., VII., IX., X., 
XI.. XII,), and of the three first Cervical Kerves, in the Monkey," Proc. Eoy. Soc, 1«8(<; 
L. Rethi, " Die Nervenn'orzeln der Rachen- nnd Gaumenmu^keln," and " Der periphete 
Verlauf der motoriscben Racbeu- nnd Gaumenneiven." Wiener Sitzon^xber,. IS\)2 and 1893 ; 
M. Grofsmann. ''tTeber die AthembeweBun^'en dea Kchlkoptes, II. Die Wnrzelfaaem der 
Kehlkopfn erven," Wiener Sits^nnj^ber., IKI'U ; Grabower, " Das ^Vu^ze1|Iebiet dei motorischen 
Kehlkopfnerven," Centralbl. f. Physiol., iii, IX'JO -. E, v. Navratil. '■ Thierversoche fiber die 
Keblkopfinnervation nnd Ube: den K. accessorins Willisii," Uc^ar. Arch. f. Hed., ii, 1S94,) 
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The external or spinal portion (fig. 183, 5), after issuing from the jogalar 
foramen, is directed backwards either across the front of or behind the internal 
jugular vein, and perforates the stemo-mastoid muscle, supplying this with branches, 
and joining amongst the fleshy fibres with the nerve furnished to the muscle from 
the cervical plexus. Descending in the next place obliquely across the posterior 
triangular space of the neck behind the sterno-mastoid, the nerve passes beneath the 
trapezius muscle. Here it forms a kind of plexus with branches of the third and 
fonrth cervical nerves, and distributes filaments to the trapezius, which extend 
nearly to the lower border of the muscle. 

Varieties. — ^The lower limit of the oiigrin of the spinal part of the nerve was found by 
Holl to range from the third to the seventh cervical nerve, bnt in the greater number of 
cases it corresponded to the fifth or sixth nerve. It was seen by Sommering opposite the first 
dorratl nerve. The spinal part of the nerve in one case pierced the dura mater below the fint 
cervical nerve, and re-entered the spinal theca higher up (Holl). The external portion of the 
spinal accessory nerve sometimes passes beneath the stemo-mastoid without piercing the 
muscle. In one instance this nerve has been seen terminating in the stemo-mastoid muscle, 
the trapezius being supplied entirely by the third and fourth cervical nerves (Cumow). In 
rare cases it has been observed sending a branch to join the descending cervical nerve. 



ZII.— HYPOOL088AL inSBYE. 

The hypoglossal or twelfth cranial nerve arises from a nucleus placed ventro- 
laterally to the central canal in the lower part of the medulla oblongata, and extend- 
ing upwards beneath the trigonum hypoglossi of the fourth ventricle (fig. 178, n. 
xii). Thence the fibres pass obliquely forwards and outwards, between the anterior 
and lateral areas of the bulb, and form a series of from ten to fifteen fine roots which 
emerge along the groove separating the pyramid from the olivary body. The fila- 
ments are directed outwards above (or behind) the vertebral artery, and are usually 
collected into two bundles which perforate the dura mater separately opposite the 
anterior condylar foramen, and are united into a single trunk as they pass through 
that opening. 

Ajb it leaves the anterior condylar foramen the nerve is very deeply placed on the 

inner side of the deep cervical vessels and the pneumo-gastric nerve. Winding 

round the lower ganglion of the last, to which it is closely bound by connective 

tissue, the hypoglossal nerve descends, inclining at the same time gradually forwards 

between the internal carotid artery and jugular vein, to the lower border of the 

digastric muscle. At this level it curves forwards round the commencement of the 

occipital artery, the sterno-mastoid branch of which turns downwards over the nerve, 

find is thence directed forwards above the hyoid bone to the under part of the tongue. 

^'2 the latter part of its course, it passes beneath the tendon of the digastric, the 

fewer end of the stylo-hyoid, and the mylo-hyoid muscles ; it crosses the external 

carotid and the lingual arteries ; and it rests upon the hyo-glossus muscle, being 

*<5oompanied by the ranine vein of the tongue. At the anterior border of the hyo- 

glosfins it is connected with the lingual branch of the fifth nerve, and then penetrates 

'he fibres of the genio-glossus muscle, dividing into branches which are distributed 

^ the muscular substance of the tongue. 

"Branches. — ^While passing through the anterior condylar foramen, the hypoglossal 

^^x^ve gives off one or two minute recurrent twigs which ramify in the dura mater 

a^otind the foramen magnum, and in the diploe of the occipital bone. They were 

ttioxight by Luschka to be formed by recurrent fibres derived from the lingual nerve, 

^^t it is possible that they consist of fibres which ascend from the communication 

^*tli the first cervical nerve, or from the sympathetic (Riidinger). The branches 

W'Uing from the nerve in the neck are partly filaments of communication with other 

^1 
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nerves, bnt mainly offsete of distribation to muscles connected with the hyoid bone 
and larjnx, and to the moscleB of the tongue. 

A. Branches of eommunkation. 

Close below the skull the bypoglosBal nerve is united by a filament with the 
superior cervical ganglion of the sympathetic, by one or more twigs with the loop 
between the first and second cervical nervea, and with the ganglion of the trunk of the 
vagus by fibres which pass between the two nerves where they are in close connection 
with one another. 

As tbe nerve tnras round the occipital artery, it is joined by the small lingual 
branch of the vagus (p 2bj) , and in the submaMllary region, it is connected with 




Rg. 183.-ViBir 

^PfTi &her Hirschfeld aiid Leveil 

1, lingual nervB ; 2, pnenmo-gastric nerve ; 3, superior laryniieiil (repreiented loo liirge) ; 4, extemil 
iHTjngeal branch ; f>, apinal accessory ; 6, seconil cervical ; T, tliii-J ; 8, fourtb ; 9. origin of phicnic 
nerve 1 10, nerve to eubclavius ; 11, external anterior thoranir nerve; 12, hfpogloenal nerve; 13. 
descending cervical nerve; 14, communicating cervical nerve; 15, Ifi, 18, 19. hranchcB from the plenifom 
union of these nervea to the »t«mo-hyoi<l, Btemo-thymi'l and nino-hjoid niuBclea ; 17, bmrjcb to the 
anterior helly of the omo-hjoid muBcle ; 20, branch to the thcro-hyoid muBcle ; 21. eommiiniaitin^ 
twigs from the hyiKiKlossal to the lingual nerve ; 22, termmal hnmches of the hjpoglosaal nerve. 

the lingual branch of the fifth nerve by one or two slender loops over the fore i«rt 
of the hyo-glossus muscle, 

B. BTanchea of disiribulion. 

Vascular bnuioliea. — These are one or two slender twigs which leave the 
hypoglossal nerve close below the skull and pass to the mesial aspect of the internal 
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jugular vein, where they are often joined by filaments from the superior cervical 
IQ^anglion of the sympathetic (Luschka). 

The descending cervical nerve (r. descendens hypoglossi) consists mainly of 
fibres which pass to the hypoglossal from the first and second cervical nerves in the 
communication below the skull. Leaving the trunk as it turns round the occipital 
artery, or a little higher up, the descending nerve runs downwards on the surface of 
the common carotid artery, inclining gradually from the outer to the inner side, and 



Fig. 184. — Plan of thb connections 

OK THE HYPOGLOSSAL WITH THE 
CERVICAL NERVES, AND THE FOR- 
MATION OP THE ANSA CERVICALIS. 

(After Holl.) 



RCCT. Ml. 



RCCT. M^. 




being placed generally within, 
but sometimes on the front of, 
the carotid sheath. After 
having given off a branch to 
the anterior belly of the omo- 
hyoid muscle, it joins about 
the middle of the neck in a 
loop (ansa cervicalis) with 
the communkaiing cervical 
branches from the second and 
third cervical nerves. The 
concavity of the loop is turned 
upwards, and the connection 
between the nerves is fre- 
quently effected by two or 
more interlacing filaments 
which form a small plexus. 
From this interlacement of the 
nerves, offsets are continued 
backwards to the posterior 
belly of the omo-hyoid, and 
downwards to the sterno-hyoid 
and stemo-thyroid muscles. 

ICnsonlar branches. — 
The branch to the thyro-hyoid 
muscle is a separate twig also 
composed of fibres proceeding 
from the cervical nerves, and 
leaving the hypoglossal trunk 
as it approaches the hyoid bone. 

As it lies beneath the mylo-hyoid, the nerve gives offsets to the styloglossus, hyo- 
glossus and genio-hyoid muscles, and the terminal branches, penetrating the genio- 
glossus, supply that muscle and the intrinsic muscles of the tongue. According to 
Holl the nerve to the genio-hyoid is of cervical origin. 



The fibres proceeding from the first and eecoDd cervical nerves do not become mingled with 
those of the hypoglossal tiTink, but for the most part form a small cord which can be 
separated from the latter by removing the common sheath, and followed down iuto the 
descending cervical nerve. A minute funiculus runs proximally with the hypoglossal nerve, 
and others pass on the deep asp33t of the trunk to the recti antici. The descending cervical nerve 
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also contains fibres which pass upwards from the communicating branches and run peripherally 
to enter the nerves of the thjro-hyoid and genio-hyoid muscles. (See M. HoU, *' Beobacbtaogen 
Uber die Anastomosen des Nenrus hypoglossus," Zeitschr. f. Anat. u. Entw., 1876.) 

The spinal origin of the nerves of the infrahyoid muscles has also been demonstrated ex- 
perimentally in the monkey by Beevor and Horsley, who found that stimulation of the li3rpo- 
glossal roots within the skull produced no effect on these muscles, while they were called into 
action by stimulating the first and second cervical nerves. The stemo-hyoid and sterno-thyroid 
were supplied mainly from the first nerve, and the omo-hyoid from the second Qop. cit, on 
p. 270). 

The fibres of the hypoglossal nerve are of medium size, resembling in this respect those of 
the facial nerve, and being smaller than those of most of the motor nerves passing' to 
voluntary muscles (Gaskell). 

Varieties. — In one instance, recorded by Riidinger, the hypoglossal nerve was found 
taking its superficial origin from the posterior surface of the medulla oblongata. The vertebral 
artery is not unfrequently found passing forwards between, very rarely above, the roots of the 
nerve. The right and left nerves are occasionally united by a cross branch or loop in the sub- 
stance of the genio'hyoid, or between that and the genio-glossus muscle. In rare cases, the 
twelfth nerve gives filaments to the mylo-hyoid, to the digastric, or to the stylo-hyoid muscle. 

The descending cervical nerve sometimes appears to be derived either altogether from the 
pneumo-gastrio or from both the pueumo-gastric and hypoglossal nerves, but it can always be 
shown by dissection that these varieties of origin are only apparent, resulting from the tem- 
porary adhesion of the filaments of this branch to those of the pneumo-gastric. A filament is 
oocasionally continued from the descending cervical nerve into the thorax, where it joins the 
phrenic or the cardiac nerves ; in the latter case it is probably composed of fibres from the 
vagus or the sympathetic, which have joined the hypoglossal or the descending nerve. This 
nerve has also been seen sending a branch to the stemo-mastoid muscle. 

In some animals the twelfth nerve possesses a posterior root furnished with a gang-lion, like 
a spinal nerve. A similar condition has been met with in a few instances in man. 

Summary. — The hypoglossal nerve proper supplies only the muscles of the tongae, 
with the exception of the palato-glossus and the pharyngeo-glossus. Fibres derived 
from the first three oervical nerves, which are associated with the hypoglossal for a 
part of their course are distributed to the infrahyoid muscles and the genio-hyoid. 
Others of uncertain origin pass to the skull and dura mater, and to the internal 
jugular vein. The hypoglossal forms connections with the pneumo-gastric, lingaal^ 
upper three cervical nerves, and sympathetic. 

BFINAIi iraSBVE& 

The spinal nerves are characterised by their origin from the spinal cord, and 
their direct transmission outwards from the spinal canal in the intervals between 
the vertebrae. There are, in all, thirty-one pairs of these nerves, and, according to 
the region in which they issue from the spinal canal, they are named cervical, 
dorsal or thoracic, lumbar, sacral, and coccygeal. 

By universal usage each pair of nerves in the dorsal, lumbar and sacral regions is 
named in correspondence with the vertebra below which it emerges. Of the eight 
pairs of nerves between the cranium and the first dorsal nei*ve, the uppermost is 
placed above the atlas, and the second and following nerves below the seven cervical 
vertebne in succession. These eight pairs are usually reckoned as eight cervical 
nerves, but the first is also distinguished by the name of suboccipital nerve. The 
nerves of the thirty-first pair emerge from the lower end of the sacral canal, pass 
below the first vertebra of the coccyx, and are named coccygeal. 

Varietiaa. — The spinal nerves necessarily vary in number with any deviation from the 
Qsnal nun)l)er of the segments of the vertebral column. Sometimes an additional coccygeal 
nerve exists Among seven cases which were examined by Sohlemm two ooccyg^eal nerves 
were found on each side in one instance, and on one side in another case. According ta 
Rauber ves^tigwi of these, and also of a third pair of coccygeal nerves, are normally present in 
the bundles^ of medullated fibres contained in the filum terminale (see Part I, p. 6). On the 
other hand, the cocc^-jreal nerve often appears to be wanting, beinj^r united to the filum termi- 
nale (Rauber, Kadyi). 
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THE ROOTS OP THE SPINAL NERVES. 



Each spinal nerve epringj from the spinal cord by two roots which approach one 
another as they quit the spinal canal, and join in the con-espouding intervertebral 

Fig. IS5. — DllOHJHHATIO OUTUNB OF TBI BOOn AND riE9T 



(AUeQ ThomF 



^■) 1 



The Tiev is taken from before. In the upper part of tbe 
figure the pom Varolii and medulla oblongata are npresenUd, 
and troin V to XII, the rools of the seveisl cianiol nerres from 
the tribcial ta the hypoglowal m indicated. Uu tho left side 
<> 1, ia placed oppoaiCe the first cervical oerve ; aud the uumbera 
2 (0 8, following beloir indicate the correeponding ceriical 
Derree ; Br, hmchial plexQB ; D I, is placed oppoeite the inter- 
costal part of tbe first dorsal none, and tbe nuuhera 2. to 12, 
following mark the corresponding dorsal nerves ; L 1, the lint 
lambar aerre, and the namliers '2, to S, following the remaining 
Inmbar nervee ; Cr, the anleiior crural, and o, the obturator 
nerre ; 3 1, the first sacral, and the following numbers 2, to S, ' 
the remaining sacral nerves ; 6, the imccjgeal nervB ; 3c, great 
Bcialic nerve ; x X , the lilnm terminale of the cord. 

On the left side of tbe figure the following tetters indicate 
parta of the sjrmpttthetie nerre, viz., a, the snperior cervical 
ganglion commnoieatiag with the upper cervical spinal nerves 
and continued below into tbe sympathetic cord ; b, tbe middle 
oenieal ganglion ; e, d, tbe lower cervical ganglion united with 
the firat dorsal ; d', the eleventh dorsal ganglion ; from the 
sixth to the ninth dorsal ganglion the origins of the great 
■plancbnic nerve are Ebown ; I, tbe highest lumbar ganglion { 
1 1, the upper sacral ganglion. In the whole extent of the 
spniBthetic cord, the twigs of union with the spinal nerves are 

fiHamen into a single cord ; and each cord so 
formed separates immediately into tno divisions, 
one of which is destined for parts in front of the 
apine, the other for parte behind it. 

Ocimal arrangamaiit. — The roots of the 
aerves arise on each side of tiie spinal cord by two 
nearly continuous series of filaments ifila radku- 
laria), the anterior of which emerge from the 
ant«ro>lateral column opposite the anterior comu 
of the grey matter, while the posterior are attached 
>D a narrower line along the postero-iateral sulcus 
of the cord. The filaments composing a single 
nerTe-root vary in number from five to ten, and 
convei^ from above downwards as they pass from 
the cord to the dura mater, where each i-oot enters 
a Bpeoial aperture. 

The poslerior roots of the nerves are dis- 
'l^gnirfied Irom the anterior roots by their greater 
''^1 which is due to their constituent filaments 
oeitg both more numerous and individually larger 
tlia« those of the anterior roots. Each posterior 
"^ot ia farther marked by a ganglion (inlerrerte- 
'"''^i or spinal), of a size proportionate to that of 
"^^ nerve on which it ia formed. The cells of 
these ganglia are unipolar, and give origin to the 
afferent fibres of the spinal nerves, both central and 
peripheral. 
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The ganglia are ia geDoral placed in the iDtervertebral foramina, immediatet; 
beyond the spota at which the roots perforate the dura maier liaing the spinal canal. 
The first and secoad cervical nerves, however, which do not pass through inter- 
vertebral foramina, have their ganglia in the corresponding position ae they He over 
the neural arches of the vertehrce. The ganglia of the sacral nerves are contained 
in the spinal canal, that of the last nerve being occasionally at some distance from 
the point at which the nerve iesnes. The ganglion of the coccygeal nerve ie placed' 
in the canal within the sac of the dura mater, and at a variable distance from the 
origin of the nerve. 

The filaments of the posterior root of the nerve are collected into two bandies as 
they approach the ganglion, and the inner extremity of the oval-sbaped ganglion is 
usually bilobate, the lobes corresponding to the two bundles of filaments. 

The anterior rools of the spinal nerves are smaller than the posterior, and are 
devoid of ganglia, their fibres arising from the cells of the grey matter of the spinal 

Fig. IBS.— DirriHiHT visvs or a poi- 



la A. tho Anterior aurface of theBpeei- 
men U ^own, the anterior oerre-rDOt at 
the right Bide being divided ; in B, a 
TJew of the right aide i« given ; in C, the 
upper xirface is sboim ; in D, the nervt- 
rootB and ganglion arealiown from belo*-: 
1, ontariar median fissure ; 2, posterioi 
median farroir and septum ; 3, .origin 
of the anterior nerve-rools ; 4, poatero' 
lateial graore, into which the filaments 
ot the posterior root are seen to sink ; 5, 
anterior root paanng over the ganglion ; 
6', in A, the anterior root divided ; C, 
posterior root, the fibres of which enter 
6', the ganglion ; 7, the anterior, and 
7', the posterior primary division of the 
nerre, each of which is seen in A and D 
to be deriveil in part from the anterior 
and in part from the posterior root. 

cord, and mainly from those of the anterior comu. Their filaments also tend to be 
collected into two bundles near the intervertebral foramen. 

Both anterior and posterior roots ol all the spinal uervea contain fibres of vet7 varion* 
siiea— large, mediam (lOfi to S^i), and fine, bat the proportion in whicb the different groupt 
oocnr is not the same thronghout. The anterior roots of the cervical, lumbar, and aacnl 
nervee consist mainly of larg« and medtam-siied fibres, One fibres being' present only in amall 
number, generally not exceeding one-sixth ot the wbol& Those of the dorsal nerres, however, 
as well as the coccyg-eal. show a preponderance of fine fibres, which are abont three times aa 
numerous as the larger ones. The finest fibres (2-6 ji and less) are abnndant in the anterior 
roots of the don>al nerves, but rare in the other ret-'ions. except in the last two sacral and the 
coccyi^esJ nerves. In the posterior roots the small fibres are aboat eqaal in number to the 
medium-siifd and lartre fibres together ; and fibres of the largest size (above 30^), which are 
frequent in the anterior roots, are here scanty. (E. SiemerlinR, Xeurol. CentralbL, IS86, and 
'" Anatomische I'ntersnchanKen fiber die raenachJichen HQckenmarkawnrieln." Berlin, 1837.) 

Varletlas. — The posterior root of the first cervical nerve is Bometimea wanting (8 per cent, 
Knuander) : or it may arise partly or wholly from, or in common with, the ^iiud acoesaory 
nerve (see p. 270). A defect in the roots of the thoracic nerves is said to be very common by 
Adamkiewici. who found in sixteen spinal cords only three with the full number of thoracic 
root* : in three ther« was absence of both antenor and posterior roots ot one nerve, in three 
absence of a posterior root only, and in seven absence of one anterior root (Virchow's Archiv, 
lixiTiii. I,ssl>). Communications between the root-filaments (especially the posterior) of 
adjoining nerves are frequently met with. Small detached portions of the intervertebral 
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pranprlia (ganglia altrriHintia of Hjrtl) are sometimes found on the posterior roots of the npper 
cervical nerves. The ganglia of the lumbar and upper sacral nerves are often double, there 
being a distinct swelling on each of the bundles of t^e posterior root. The ganglion of the 
ftuboccipital ner\''e may be situated within the dural sheath, or be wanting (9 per cent., 
Kazzander). but in such cases there are probably nerve-cells interspersed in the posterior root. 
According to Rattone there are regularly scattered nerve-cells along the posterior roots of all 
the spinal nerves (Intemat. Monatschr. f. Anat. u. Hist., i, 1884). 

Siie. — The roots of the upper cervical nerves are smaller than those of the lower 
nerves, the first being much the smallest, and the sixth the largest. The posterior 
roots of these nerves, with the exception of the first in which the anterior root is 
larger than the posterior, exceed the anterior in size more than in the other spinal 
nerves, and they are likewise composed of filaments which are considerably larger 
than those of the anterior roots. 

The roots of the dorsal nerves^ exception being made of the first, which resembles 
the lowest cervical nerves and is associated with them in a part of its distribation, 
are of small size, and vary bat slightly, or not at all, from the second to the last. 
The filaments of both roots are thinly strewed over the spinal cord, and are slender, 
those of the posterior exceeding^, in thickness those of the anterior root in only a 
small degree. 

The roots of the lower lumbar, and of the upper sacral nerves^ are the largest of 
all the spinal nerves ; thoise of the lowest sacral and of the coccygeal nerve are, on 
the other hand, the smallest. All these nerves are crowded together upon the 
lower end of the cord. Of these nerves the anterior roots are the smaller, but the 
disproportion between the anterior and posterior roots is not so great as in the 
cervical nerves. 

Length. — The place at which the roots of the upper cervical nerves are 
connected with the spinal cord being nearly opposite the foramina by which they 
respectively leave the canal, these roots are comparatively short. But the distance 
between the two points referred to is gradually alimented from nerve to nerve 
downwards, so that the place of origin of the lower cervical nerves is the depth of 
at least one vertebra, and that of the lower dorsal nerves about the depth of three 
vertebrae, above the foramina by which they respectively emerge from the canal. 
Moreover, as the spinal cord extends no farther than the first lumbar vertebra, the 
length of the roots of the lumbar, sacral and coccygeal nerves increases rapidly 
from nerve to ner\'e, and in each case may be estimated by the distance of the 
foramen of exit from the extremity of the cord. Owing to their length, and the 
appearance they present in connection with the spinal cord, the aggregation of the 
roots of the nerves last referred to has been named the cauda equina. 

A diagram showing the level at which the several roots, arise from the cord in relation to 
the spines of the vertebne, aa determined by R. W. Reid, is given on p. 4 of Part I. of this 
volume. The absolute length of certain of the nerve-roots in a subject of 18 years of age, 
whose spinal cord was 41 cm. long, is shown in the following table, ta^en from Testut : — 
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Direction. — The first cervical nerve is directed horizontally outwards. The 
roots of the lower cervical and dorsal nerves at first descend over the spinal cord, 
held in contact with it by the arachnoid, till they arrive opposite the several 
intervertebral foramina, where they are directed horizontally outwards. The nerves 
of the Cauda equina run in the direction of the spinal canaL 

Diyision of the nerves. — The two roots of each of the spinal nerves unite 
immediately beyond the ganglion, and the trunk thus formed separates, as already 
mentioned, into two divisions, an anterior or ventral and a posterior or dorsal, 
which are called primary branches or divisions, and each of which contains fibres 
proceeding from both the anterior and posterior roots. 



•"?L 




Fig. 187. — Plan of thb modb of branchikg of a spinal mbkvs. 

Before dividing in the manner above described each spinal nerve gives off a small 
recurrent or meningeal branch, which is joined by a filament from the oom- 
municating cord between the anterior division of the nerve and the sympathetic, 
and then rans inwards through the intervertebral foramen to the spinal canal, 
where it is distributed to the vertebras and ligaments, to the blood-vessels of the 
canal, and to the dura mater (Luschka, Riidinger). 

F08TEBI0B FBIMABT DIVISIONS OF THB SFINAIi NSKVSa 

The posterior divisions of the spinal nerves are, with few exceptions, smaller 
than those given to the fore part of the body. Springing from the trunk which 
results from the union of the roots of the nerve in the intervertebral foramen, or 
frequently by separate fasciculi from the two roots, each turns backwards at once, 
and soon divides into two parts, distinguished as external and internal, distributed 
to the muscles and the integument behind the spine. The first cervical, the fourth 
and fifth sacral, and* the coccygeal are the only nerves the posterior divisions of 
which do not separate into external and internal branches. 

Suboccipital nerve. — The posterior division of the first cervical or suboccipital 
nerve, slightly larger than the anterior, emerges over the arch of the atlas, between 
this and the vertebral artery, and enters the space bounded by the larger rectus 
and the two oblique muscles, where it divides into branches for the surrounding 
muscles. 

(a) One branch descends to the inferior oblique, and gives a filament, through 
or over the fibres of that muscle, to join the second cervical nerve. 

(b) Another ascends over the rectus posticus major muscle, supplying it and the 
smaller rectus. 

(c) A third enters the superior oblique muscle. 

(d) A fourth sinks into the complexus, where that muscle covers the nerve and 
its branches. 

Variety. — A cutaneous bi'anch is occasionally given to the back of the head : it acconapanies 
the occipital arterj, and is connected beneath the integument with the great and Rmall occipital 
nerves. 



POSTERIOR PRIMARY DIVISIONS. 




Pig. 138. — SOFERTIilUL 

NEBTI3. [After Hiniehfeld md Leveill^ ) J 

On tfae left side the catanooua branches are Bhonn Ijing upon the aaperficial musclea; on the 
right side, these muscka baring been ramaTed, the tpleniua -ind complenu bare been dirid«d in tba 
neck, and tfae erecUir apinie aepanted and partially remored in the back, bo ai to expou the deep 
portlona of the nerves. 

a, a, am.-ill occipital nerre from the cerrics) plexus ; 1, mnscular branchea of the Gr«t cervicnl dotto 
and union by a loop with the second ; 2, placeil on the reitua capitis posticna major, marks the great 
occipital nerTd passing round the inferior oblique muscle and piercing the compleius ; the e^itemal 
branch is aeen t« tbe Dutaide ; 2', craninl diatribution of tlie great occipital ; 3, external braiicb of the 
posterior primary division of the third nerve ; 3', ita internal branch, or third occipital ner^e ; 1', &', 
6', 7', S', eutaneoos oBaeta froni the internal branches of the cervical nerves on tbe left aide ; the external 
branchea of these nerves proceeding to muscles are displayed on tbe right aide ; <l\ Ui il6, and thence 
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to (f 12, external muscalar branches of the posterior primary divisions of the twelve dorsal ner^'es on the 
right side ; dl\ to d 6\ the internal cataneoas branches of the six upper dorsal nerves on the left side; 
d 7' to d 12\ cutaneous branches of the six lower dorsal nerves from the external branches ; I, l, 
external branches of the posterior primary divisions of several lumbar nerves on the right side piercing 
the muscles, the lower descending over the gluteal region ; l\ l\ the same more superficially on the left 
side (the cutaneous branches of the lower dorsal and upper lumbar nerves are represented as piercing 
the iatiKsimus too high) : s, a, on the right side, the issue and union by loops of the posterior primaiy 
divisions of four sacral nerves ; y, «', on the left side, cutaneous filaments from the intei*nal branches 
of the lower lumbar and upx^er sacral nerves. 

Cervical nerves {excepting the suboccipital). — The external branches give 
only muscular offsets, and are distributed to the splenius and the slender muscles 
prolonged to the neck from the erector spinag, viz., the cervicalis ascendens, and 
the transversalis cervicis with the trachelo-mastoid. That of the second nerve is 
the largest of the series of external branches of the cervical nerves, and is often 
united to the corresponding branch of the third. 

The internal branches, larger than the external, are differently disposed at the 
upper and the lower parts of the neck. That of the second cervical nerve is named, 
from its size and destination, the great occipital^ and requires separate notice. The 
rest are directed inwards to the spinous processes of the vertebrcE. Those derived 
from the third, fourth, and fifth nerves pass over the semispinalis and beneath the 
complexus, giving offsets to those muscles and to the multifidus, and, having 
reached the spines of the vertebra, pierce the splenius and trapezius, to be dis- 
tributed in the integument over the latter muscle. From the cutaneous branch of 
the third nerve an offset passes upwards to the integument on the lower part of 
the occiput, lying at the inner side of the great occipital nerve ; this is sometimes 
called the third occipital nerve. 

Between the inner branohes of the first three or four cervical nerves, beneath the com- 
plexns, there are frequently communicating' loops ; this oommunication has been designated 
by Cruveilhier the potterior cervical plexus. 

The internal branches from the lowest three cervical nerves are placed beneath 
the semispinalis muscle, and end in the muscular structure, without furnishing any 
offset to the skin. These three nerves are the smallest of the series. 

The great occipital nerve is directed upwards across the inferior oblique muscle, 
and is transmitted to the surface through the complexus and trapezius mnscles, 
giving twigs to the complexus. Ascending with the occipital artery, it divides into 
branches which radiate over the back of the head, the most external communicating | 
with the small occipital nerve. 

Varieties. — The great occipital nenre occasionally sends a branch to the auricle, or replaces, 
to a greater or less extent, the small occipital nerve (p. 286). The external division of the 
second nerve is said to give off a cutaneous branch sometimes, or a twig to the superior 
oblique. Either the sixth or the eighth cervical nerve may furnish a cutaneous branch. On 
the other hand, the cutaneous branch of the fifth is sometimes wanting. 

Dorsal nerves. — ^The extamal branches increase in size from above down- 
wards. They are directed through or beneath the longissimus dorsi to the space 
between that muscle and the ilio-costalis or accessorius, and supply the several 
divisions of the erector spiusB. The lower five or six nerves give cutaneous twigs, 
which are transmitted to the integument in a line with the angles of the nbs. 

The internal branches of the upper six or seven dorsal nerves pass backwards 
in the interval between the multifidus spina) and the semispinalis muscle ; they 
supply the trans verso-spin ales muscles, and become cutaneous by the side of the 
spinous processes of the vertebrae. The cutaneous branch of the second nerve, and 
sometimes others, extend outwards over the scapula. The internal branches of the 
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lower dorsal nerves are placed between the multifidus spinas and longissimns dorsi, 
and end in the multifidus without giving branches to the integument. Where 
cutaneous nerves are supplied by the internal branches, there are generally none 
from the external branches of the same nerves, and vice versa. 

The cutaneous offsets of the dorsal nerves run obliquely downwards in their passage 
between and throu^rh the muscles, so that they become superficial and are distributed to the 
skin at a level below that of the vertebras to which thej correspond (see fig. 189). This 
descent is but sli|<ht in the case of the upper branches, which are derived from the internal 
divisions of the nerves, and which in their subcutaneous course are directed nearly horizontally 
outwards, but it becomes progressively greater in the lower branches, proceeding from the 
outer divisions, and the offset of the twelfth dorsal only makes its appearance a little distance 
above the iliac crest. There is considerable variety in the size and in the extent of distribution 
of the several nerves, which often differ on the two sides of the body ; and twigs from one or 
two of the loweflt dorsal nerves frequently pass over the iliac crest to the skin of the buttock. 
(See Wardrop Griffith and Oliver, " On the Distribution of the Cutaneous Nerves of the Trunk," 
Proc. Anatom. Soc, 1890, in Joum. Anat., zxiv.) 

Varieties. — The cutaneous offset of the first dorsal nerve is sometimes absent. There are 
not unfrequently cutaneous branches from both divisions of the middle (sixth, seventh, and 
eighth) dorsal nervea 

Lumbar nerves. — The external branches enter the erector spinsB, and give 
branches to that muscle. From the upper three, cutaneous nerves are supplied ; 
and from the last, a filament descends to the corresponding branch of the first 
sacral nerve. The cutaneous nerves given from the external branches of the first 
three lumbar nerves (nn, clunium superiores) pierce the fleshy part of the ilio- 
costal is and the aponeurosis of the latissimus dorsi : they cross the iliac crest near 
the edge of the erector spinas, and terminate in the integument of the gluteal region. 
One or more of the filaments may be traced as far as the great trochanter of the 
femur. 

The internal branches wind backwards in grooves close below the mamillary 
processes of the vertebrsB, and sink into the multifidus spinae muscle. 

Sacral nerves. — The posterior divisions of these nerves, except the last, issue 
from the sacrum through its posterior foramina. The first three are covered at 
their exit from the bone by the multifidus spinas muscle, and bifurcate like the 
posterior trunks of the other spinal nerves ; but the remaining two, which continue 
below that muscle, are not thus divided. 

The internal branches of the first three sacral nerves are small, and are lost in 
the multifidus spinas muscle. 

The external branches of the same nerves are united. with one another, and 
with the last lumbar and fourth sacral nerves, so as to form )a series of anastomotic 
loops on the upper part of the sacrum. From these, branches are then directed 
outwards to the cutaneous or posterior surface of the great sacro-sciatic ligament, 
where, covered by the gluteus maximus muscle, they form a second series of loops, 
and end as cutaneous nerves (nn. clunium medii). The latter pierce the great 
gluteus muscle in a line drawn from the posterior superior iliac spine to the tip of 
the coccyx. They are commonly two in number — one is near the lower part of the 
sacrum, the other by the side of the coccyx. All are directed outwards over the 
great gluteal muscle. 

In six dissections by Ellis the above arrangement was found to be the most frequent. The 
variations to which it is liable are these : — the first nerve may not take part in the formation 
of the second series of loops, and the fourth may be associated with them. From the first 
three sacral nerves filaments are g^ven to the sacro-iliac articulation (Luschka, Riidinger). 
SmaU cutaneous twigs from the internal branches of the lower lumbar and upper sacral nerves 
are described by many anatomists (fig. 188, *'«')• 

The posterior divisions of the last two sacral nerves are smaller than those above 
them, and are not divided into external and internal branches. They are connected 
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with each other by a loop on the back of the Bacnim, and the lowest is joined in a 
similar manner with the coccygeal nerve ; one or two filaments from these sacral 
nerves are distributed in the neighbourhood of the coccyx. 

Coccygeal nerve. — The posterior division of the coccygeal nerve is very small, 
and separates from the anterior primary portion of the nerve in the sacral canal. 
It is joined by a communicating filament from the last sacral nerve, and ends in 
the integument over the posterior surfieice of the coccyx. 

ANTEBIOB FBIMABT DIVI8ION8 OF THE SFINAIi NERVES. * 

The anterior primary divisions of the spinal nerves are distributed to the parts 
of the body situated in front of the vertebral column, including the limbs. They 
are, for the most part, considerably larger than the posterior divisions, and each 
is connected by one or two slender filaments with the sympathetic. Those of the 
cervical, lumbar, and sacral nerves form plexuses of various forms ; but those of 
the dorsal nerves remain for the most part separate from one another. 

CERVICAL VEBVE8. 

The anterior divisions of the upper four cervical nerves form the cervical plexus. 
The first emerges between the rectus lateralis and rectus anticus minor muscles ; 
and the others, having passed behind the vertebral artery and between the two 
intertransverse muscles, appear at the side of the neck between the scalenus medius 
and rectus anticus major muscles. They are each united by a communicating filament 

Fig. 189. — GUTANEOUS distribution op the posterior primary BRAKCHBS of the SPIITAL 

NERVES. (G. D. T.) 

On the right side the nerves are shown lying on the superficial muscles ; on the left side the limit of 
the skin-area supplied by these nerves is indicated by the dotted line. 7 e, seventh cervical spine ; 6 d, 
sixth dorsal ; 12 d, twelfth dorsal ; 5 1, fifth lumbar. 

The nerves are indicated as follows : — C II, great occipital, from second cervical ; III to V, third to 
fifth cervical ; D I, first dorsal ; II to XII, second to twelfth dorsal ; three cutaneous branches are given 
by the sixth dorsal, two from the internal, and one from the external division ; L, lumbar ; S, upper 
sacral ; C, lower sacml and coccygeal ; A S C, anterior divisions of the last sacral and coccygeal ; P C, 
perforating cutaneous ; S S, small sciatic 

to the first cervical ganglion of the sympathetic nerve, or to the cord connecting that 
ganglion with the second. 

The anterior divisions of the lower four cervical nerves, larger than the upper 
four, appear between the anterior and middle scaleni muscles, and, together with 
the larger part of the first dorsal, go to form the brachial plexus. They are each 
connected by a filament with one of the two lower cervical ganglia of the sympathetic, 
and with the plexus on the vertebral artery. 

Ths anterior divisions of the first and second nerves require a notice separately 
from the description of the nerves of the cervical plexus. 

SUBOOOIFITAZi NXRVi:. 

The anterior primary division of the first nerve runs forwards in a groove on the 
outer side of the upper articular process of the atlas, and bends downwards in front 
of the transverse process of that vertebra to join the second nerve. In this course 
forwards it lies beneath the vertebral artery, and on the inner side of the rectus 
lateralis muscle, to which it gives a branch. As it crosses the inner side of the 
foramen in the transverse process of the atlas, the nerve is joined by a filament 
from the sympathetic on the vertebral artery. From the loop which it makes in 
front of the transverse process, twigs are supplied to the two anterior recti muscles, 
and one or two larger branches pass to the hypoglossal trunk, in connection with 
which most of the fibres pass down into the descending cervical nerve (p. 273). 
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The loop is also united bj short filaments to the superior cervical ganglion of the 
sympathetic and to the trunk-ganglion of the vagns. 

Filaments of this nerve are cUstribnted to the articulation of the occipital bo^e with the 
atlas, and, according to Valentin, also to the mastoid process of the temporal bone. \ 

81S00ND OXBVIOAZi NSBVX 

The anterior division of the second cervical nerve, beginning between the arches 
of the first two vertebrae, is directed forwards between their transverse processes, 
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'a SURKACkAVICULAR 

Fig. 190. — Plan ok tub cervical plexus and its connkction* (G. D. T. ) 

I to V, anterior divisions of the first to fifth cervical nervea ; Sy, comiminicating branches to the 

upper cervical ganglion of the sympathetic ; branches to muscles are indicated as follows : R. L, 

rectns lateralis; R.A.Mi., rectus anticus minor; R.A.Ma., rectus anticus major; L.C.y longus colli; 
St.M., stemo-mastoid ; Sc.A., scalenus anticus ; ScM., scalenus medius ; LS., levator scapulse. 

passing round the outer side of the vertebral artery, and beneath the posterior 
intertransverse and other muscles fixed to those processes. In front of the 
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intertransTerse mnscles, the nerre divides into an ascending part, which joins the 
first cervical nerve, and a descending part to the third. 

/ CSBVICU. PLXIOB. 

The'mrvical plexus is formed bj the anterior divisions of the upper four cervical 
uerres, and diatributea branches to some of the muscles of the neck and to a 
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(Prom Sappej, after Hinchf«1d 



1, inperfitial terriral nerrs (repiwented tno Uu^) ; 2, its infarior branch ; S, ita Ruperior hnuu^b ; 4, 
it« union with the itcui ; 5, gntt auricnlir nerve ; fl, one of iti facial hrancbea ; 7, it> branch to the 
lobule ; S, twig which plen^ei the anricle to pass to ita outer anrfww ; 9, branch to the deep Burface of 
the pinn* ; 10, itc anian with the porterior aaricular of the facial nerve ; 11, small occipital nerve ; 
12, its branch which unites with the ffmat occipital nene ; IS, a maatoid branch arising separately from 
the pleina ; 14. twigs from thi* to the back of the neck : 15, inner, Ifl, 17. middle, IB, outer branchea 
of the iupraclaviciilar nerfei ; 19, branch of the cervical nerve* pasung into the trapedua mnacle ; 20, 
apinal Bceeaaurj distributed to the same and receiring a uniting branch from the cervical nerves ; SI, 
branch to the levator icaputn ; 22, trunk of the facial nerve ; 23, ita piwl«riar anrienlar branch paeaing 
into the occipital and posterior and superior auriculiu muscles ; 24, ita cervical branch ; 25, great 
occipital nerve. 

porti<)n of the integnment of the head, neck, and chest. It is placed opposite 
the first four Tertebrae, beneath the'sterDO-mastoid muscle, and resta gainst 
the middle scalenns muscle and the levator angali acapalce. The disposition 
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of the nerves in fche plexus is as follows : — Each nerve, except the first, divides into 
an ascending and a descending part ; and these are united in communicatiDg loops 
with the contiguous nerves. From the union of the second and third nerves, 
superficial branches are supplied to the head and neck ; and from the juDction of 
the third with the fourth, arise some of the cutaneous nerves of the shoulder and 
chest. Muscular and communicating branches spring from the same nerves. 

The BRANCHES of the plexus may be divided into two sets — a superficial and 
deep ; the superficial consisting of those which perforate the cervical fascia and 
supply the integument ; the deep comprising branches which are distributed for 
the most part to the muscles. The superficial nerves may be subdivided into 
ascending and descending ; the deep nerves into an internal and an external series. 

SUPERFICIAL ASCENDING BRANCHES. 

Small occipital nerve. — The small occipital nerve varies in size, and is 
occasionally double. It springs from the second and third (sometimes only the 
second) cervical nerves, and is directed almost vertically to the hofffe^along the 
posterior border of the sterno-mastoid muscle, giving off in its courseTt^gs to the 
skin over the upper portion of the posterior triangular space. Having perforated 
the deep fascia near the cranium, the small occipital nerve ascends to the scalp 
between the ear and the great occipital nerve, and ends in cutaneous filaments 
which extend upwards to somewhat above the level of the ear. It communicates 
with branches from the great occipital, great auricular and posterior auricular nerves, 
and it supplies an auricular branch which is distributed to the upper part of the ear 
on its inner aspect. 

Varieties — The small occipital nerve U sometimefl directed backwards across the po6tezi<» 
triangle of the neck, and perforates the trapezius muscle close to its upper border, before 
ascending to the head. The auricular branch is occasionally derived from the prreat occipital 
nerve. The small occipital is sometimes much reduced in size and distributed solely to the 
akin of the neck, its place on the head being taken by branches of the great occipital nerve. 

Great auricular nerve.— Arising from the second and third cervical nerves, 
this, the largest of the ascending branches of the plexus, winds round the hinder 
border of the sterno-mastoid, and is directed obliquely upwtuxis between the platjsma 
myoides muscle and the deep fascia of the neck towards the lobule of the ear. A 
little below the latter the nerve gives a few small ofbets to the face, and then ends 
in auricular and mastoid branches. 

(a) The auricular branches are directed to the back of the auricle, on which they 
ramify, and are connected with twigs derived from the posterior auricular branch 
of the facial nerve. One offset reaches the outer surface of the ear by a fissure 
between the antihelix and the concha. A few filaments are supplied likewise to the 
outer part of the lobule. 

{b) The mastoid branch ramifies in the integument over the upper end of the 
sterno-mastoid muscle and the mastoid process, and communicates with the 
posterior auricular and small occipital nerves. 

(c) The fcuial branches are distributed to the integument of the face over the 
parotid gland. Some slender filaments penetrate into the substance of the gland, 
and communicate with the lower division of the facial nerve. 

Varieties. — The great auricular nerre may arise solely from the third, or from the thiid and 
fourth cervical nerves (Henle). The mastoid branch is often a separate ofibet of the plexus, 
ascending between the great auricular and small occipital nerves (fig. 191, 13). 

Superfioial cervieal nerve (n. subcutaneus colli), — This nerve takes origin, 
usually in common with the great auricular, from the second and third oervical 
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nerves, turns forwards over the stemo-mastoid muscle about the middle, and after 
perforating the cervical fascia, divides beneath the platysma myoides into two 
branches, which are distributed to the anterior part of the neck. 

(a) The ujjper branch is the larger, and gives an ascending twig which accom- 
panies the external jugular vein, and communicates freely with the cervical branch 
of the facial nerve ; it is then transmitted through the platysma to the surface, 
and ramifies in the integument of the upper half of tlie front of the neck, filaments 
reaching as high as the lower maxilla. 

(b) The lower branch, sometimes represented by two or three smaller offsets, 
likewise pierces the platysma and is distributed below the preceding, its filaments 
extending in front as low as the sternum. 

Varieties. — The superficial oervical nerve also may arise from the third only, or from the 
third and fourth cervical nerves. It is sometimes represented by two or more branches arising 
separately from the plexus. 

^ SUPERFICIAL DESCENDING BRANCHES. 

Snpil^^Victilar nerves. — The descending series of the superficial nerves are 
thus nan^W They arise together from the third and fourth cervical nerves, and 
descend in the interval between the sterno-mastoid and the trapezius muscles. As 
they approach the clavicle, they are three or more in number, and are recognized 
as internal, middle, and external. 

(a) The internal branch (suprasternal), which is much smaller than the rest, 
ramifies over and below the inner third of the clavicle, and terminates near the 
sternum. From it one or two filaments are furnished to the sterno-clavicular 
articulation (Riidinger, Hepburn). 

(b) The middle branch, generally divided into two or three parts, and crossing 
the clavicle in the interval between the sterno-mastoid and trapezius muscles, distributes 
some twigs over the fore part of the deltoid, and others over the pectoral muscle as 
iow as the third rib. The latter join the small anterior cutaneous branches of 
some of the upper intercostal nerves. 

(c) The external or posterior branch (supra-acromial) is directed outwards across 
^iie clavicular attachment of the trapezius muscle, and ramifies over the acromion 
^Qd in the integument of the outer and back part of the shoulder. 

Pilaments from these nerves supply the skin over the lower part of the posterior 
^angular space, and one or two twigs pass backwards over the trapezius to the 
'^tegument above the spine of the scapula. 

'V'ariety. — One of the middle branches of the supraclayicnlar nerves occasionally perforates 
^o cslayiole on its way downwards. 

DEEP BRANCHES : INTERNAL SERIES. 

Connecting branches. — The cervical plexus is connected near the base of the 
*^^ill with the pneumo-gastric, hypoglossal, and sympathetic nerves, by means of 
"l^inents intervening between those nerves and the loop formed by the first two 
^^^vical nerves in front of the atlas (p. 283). 

XusctiUur branches. — Branches to the prevertebral muscles proceed from the 
^^Vical nerves close to the vertebrae, including the loop between the first two of 
these nerves ; and from the fourth nerve a twig is frequently given to the upper 
V^*t of the scalenus anticus. 

Two commnnicating cervical branches, one from the second, the other 
trota the third cervical nerve, descend over or under the internal jugular vein to 
join the descending cervical nerve in the ansa cervicalis, from which the infrahyoid 
miiscles are supplied (p. 273). 

T 2 
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Variety. — In some cases there is also a commuiiicatiiig branch from the fourth nerre 
(fig. 183). 

Phrenic nerve. — The diaphragmatic or phrenic nerve (fig. 183, 9 ; 193, 3) 
passes down through the lower part of the neck and the thorax to its destination. 
It arises mainly from the fourth cervical nerve, but it also receives, in the majority 
of instances, an additional root from either the third or the fifth nerve. While 
descending in the neck, the nerve inclines inwards over the anterior scalenus 
muscle ; and near the chest it is joined by a filament from the middle or lower 
cervical ganglion of the sympathetic. 

At the root of the neck each phrenic nerve is placed between the subclavian 
artery and vein, and crosses over the internal mammary artery from withoat 
inwards and backwards. It then takes a nearly vertical course, in front of the 
root of the lung on each side, and along the side of the pericardiam — between 
this and the mediastinal part of the pleura. Near the diaphragm it divides into 
branches, which pass separately through the muscle, and then diverging from each 
other, are distributed on the under surface. ^^ 

The right nerve has a more direct course than the left, and lies at VH^ong the 
outer side of the right innominate vein and the superior vena cava. ^^ 

The left nerve is somewhat longer than the right, in consequence of the oblique 
position of the heart and pericardium round which it winds, and also because the 
diaphragm is lower on this than on the opposite side. It passes into the thorax 
between the left innominate vein and subclavian artery, and then crosses in front 
of the left vagus and over the left side of the arch of the aorta before reaching the 
pericardium. 

Besides the terminal branches supplied to the diaphragm, each phrenic nerve 
gives on its way through the thorax filaments to the pleura and pericardiunL 
Luschka describes also twigs from the lower part of the nerve to the peritoneum, 
and on the right side to the inferior cava and the right auricle of the heart. 

One or two filaments of the nerve of the right side join in a small ganglion with 
branches to the diaphragm which are derived from the solar plexus of the 
sympathetic ; and from the ganglion twigs are given to the suprarenal capsule, the 
hepatic plexus, and the lower vena cava. On the left side there is a junction 
between the phrenic and the sympathetic nerves near the oesophageal and aortic 
openings in the diaphragm, but without the appearance of a ganglion. 

According to the observations of Pansini in animaU (Arch. ital. de Biologic, x, 1888) the 
terminal ramifications of the phrenic nerves form in the diaphragm a complicated plexus, in 
which the three last intercostal nerves also take part, and which contains microecopic g-anglia. 
On sensory fibres in the phrenic nerve, see J. Ferguson, in " Brain,^ 1891. 

Varieties. — The phrenic may receive an accessory root from the second or the sixth oervicsl 
nerve (rarely), from the descendens cervicis or the ansa oervicalis, or from the nerve to the 
Bubolavius (frequently). The last may be of considerable size ; and in some instanoes the 
whole nerve has been found arising in this way and descending in front of the third part of 
the subclavian artery and the subclavian vein to the thorax. The occeMory phre-ni/* nerve is a 
filament arising from the fifth, or more rarely the fifth and sixth cervical nerves, and paseiBg 
either in front of or behind the subclavian vein to join the trunk at the root of 'the neck or ak 
a variable level in the thorax. The phrenic nerve, having a normal origin, has been obeerved 
in different cases lying along the outer border of, or piercing, the scalenus anticus, croaBing in 
front of the subdavian vein, and passing through a ring formed by that vesseL It oocaaionaUy 
gives a branch to the scalenus anticus. ) 

DEEP BRANCHES: EXTERNAL SERIES. 

XuMmlar brandies. — The sterno-mastoid receives a branch from the seoond 
cervical nerve. Two branches proceed from the third and fourth nerves to the 
levator anguli scapnlaB ; and from the same neiTcs, as they leave the spinal canal, 
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branches are given to the middle scalenus muscle. Farther, the trapezius receives 
one or more considerable branches which arise from the third and fourth cervical 
trunks in common with the supraclavicular nerves. 

Comxnnnications with the spinal accessory nerve. — In the substance of 
the sterno-mastoid muscle, this nerve is connected with the branch of the cervical 
plexos furuished to that muscle. It is also connected with the branches distributed 
to the trapezius — the union between the nerves being beneath the muscle, and 
having the appearance of a plexus ; and with another branch of the cervical plexus 
in the interval between the two muscles. 

Summary op the cervical plexus. — From the cervical plexus cutaneous 
nerves are distributed to the side of the head, to part of the ear and face, to the 
anterior two-thirds or more of the neck, and to the upper part of the chest and 
shoulder. The muscles supplied with nerves from the plexus are the sterno-mastoid, 
the trapezius, and the infrahyoid muscles, the anterior and lateral recti capitis, the 
longas colli, the levator anguli scapulae, the scalenus medius and anticus in part, and 
the diaphragm. By means of its branches the plexus communicates with the 
pneumo-gastric, spinal accessory, hypoglossal^ and sympathetic nerves. 

BRAOHIAIi PUBXUS. 

This large plexus, from which the nerves of the upper limb are supplied, is 

formed by the union of the anterior trunks of the four lower cervical and the 

greater part of the first dorsal nerves. It also receives in many cases a fasciculus 

from the lowest of the nerves (fourth) which go to form the cervical plexus, or a 

filament from the second dorsal nerve : these two roots may co-exist. The plexus 

extends from the lower part of the neck to the axillary space, and terminates 

opposite the coracoid process of the scapula in large nerves for the supply of the 

limb. 

The cervical or supraclavicular portimi of the plexus, emerging from the cleft 

between the scalenus anticus and medius, lies in the lower part of the posterior 

triangular space, above and behind the third part of the subclavian artery : it is 

crossed by the posterior belly of the omo-hyoid muscle, and is often pierced by the 

transverse cervical or posterior scapular artery. After passing behind the clavicle, 

the axillary ov infraclavicular portion of the plexus is placed to the acromial side of 

the axillary vessels, being enclosed in the axillary sheath, and covered by the 

P^toralis major and subclavius muscles ; and at its termination it lies between the 

P^toralis minor and subscapularis muscles. 

The manner in which the nerves are disposed in the plexus is liable to some 
variation, but the following may be regarded as the typical arrangement, from which 
the different forms met with may in most cases be readily derived. The fifth and 
sixth cervical join together at the outer border of the scalenus medius to form an 
^VP^r trunk; similarly the eighth cervical and first dorsal unite together between 
tne scaleni muscles to form*a lower trunk; while the seventh cervical remains single, 
loritxing a middle trunk, 

^oon after passing the outer border of the scaleni muscles, each primary trunk 
divides into an anterikn" and a posterior branch. The posterior branch of the lower 
^^niak, however, is much smaller than the others, and in most instances is derived 
solely from the eighth cervical nerve. The anterior branches of the upper and 
'^ddle trunks unite together to form what is called the upper or outer cord of the 
plexviB ; the large anterior branch of the lower trunk forms by itself the lower or 
*'''*®^ cord of the plexus ; and the posterior branches of all three trunks unite 
^^^tlier to form the middle or posterior cord. The cords thus formed lie at first in 
a single bundle on the outer side of the first part of the axillary artery, but lower 
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down they are placed, the first on the outer side, the second on the inner side, and 
the third behind that vessel in its second part, whence thej are continued into the 
principal nerves for the arm. 

VurletlOB. — Deviations from the annn^nieiit above described, dnpending npon altenitioni 
in the level at which the sevenLl portions of the plexue Beparate and niiil«, are often mut witli. 
The seventh cervical nerve is soinetimee divided into three bnuiches, one passutg' to e»ch oC 
the three cords of the plezae. The poeterior cord has been observed arising from the sixth, 
seventh, and eighth, and in one owe only from the sevench and eighth oervioaJ nerva 
(Turner), Cases are recorded in which the plexus consisted of only two cords, the larger one 
representing either the inner and outer, or the posterior and inner cords of the norai*l 
arrangement. 

The fifth cetvioal nerve is not unfreqnently, the sixth more rarely, directed ontwardi 
through the flbree of the scalenns auticos ; the fifth nerve may even pass altogether in fnmt 
of that muscle. 

Bkasches. — The nerves proceeding from the brachial pleius are usually divided 
into tvo classes, viz., A, those that are given off from its supraclavicular part, and 
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e ■eparat«d from tbt 
spinal <»>ra at tueir origin and are iDp- 
posed to be viewed froni before : CI, the 
firat cerricai or suboccipital nerve, 4ad 
tha RomAn numbsra in Buccession fnn 
II, to VIII, the correspondiDg cerviol 
nerves ; DI, tbe Brat, and 11, and 111. 
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shown in all the nerves; of these p 2, 
indicates tbe great occipital from tbt 
second, and p 3, tbe Bntalleat occipiul 
nerve from the third. Cervical pltiaa- 
1, anterior primnr? branch of the fint 
cervical nerve and loop of union with lit 
second nerve; 'i, bidilU occipital nerve; 
3, great auricular nerve ; 3', superficiil 
CerTieal nerve : 3 n, conimunicatisg 
branches to the anas cervicalis from tbt 
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a from the plexus, those of the 
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taneous ; IE, nerve of Wrisberg ; r, 
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BO arise before the formation of the three cords of the plexus ; and B, those arising 
below the clavicle from the outer, inner, and posterior cords. 

To the former (supraclavicular) group belong some email muscular nerves to the 
ecaleni and iongus colli muscles the nerve to the rhomboid muscles, the posterior 



THE BRACHIAL PLEXUS. 



^91 



thoracic nerve for the serratus magnus muscle, the suprascapular nerve, the nerve 
to the subclavius, and sometimes a branch to join the phrenic nerve. 

The nerves given ofiF below the clavicle are derived from the three great cords of 
the plexus in the following manner : — 

From the upper or outer cord, — the external of the two anterior thoracic nerves, 
the nerve to the coraco-brachialis, the musculo-cutaneous, and the outer head of the 
median. 

From the lower or inner cord, — the inner of the two anterior thoracic nerves, 
the nerve of Wrisberg or small internal cutaneous, the internal cutaneous, the ulnar, 
and the inner head of the median. 

From the posterior cord, — the three subscapular nerves, the circumflex, and the 
musculo-spiral. 

The foUowinf? table shows the spinal nerves from which the several offsets of the plexus 
are oommonlj derived.^ + signifies that the branch in question receives fibres from the 
spinal nerve in whose column the sign is placed ; + ? signifies that there is most frequently 
a root from that spinal nerve, but it may be wanting ; ? signifies that the corresponding root 
is not unf requently present, although exceptional. The rarer forms of variation are not taken 
into account : — 





C. V. 


C. VI. 


C. V£I. 


C. VIII. 


D. 1. 


A. SUPRAOLAVIOULAR BrANCHIS. 












a. To trunk-muscles. 












To longiis colli 


+ ? 


+? 


-I-? 


+t 




To scaleni 
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+ 


? 






To phrenio nerve .... 


? 










b. To limb- muscles. 












To rhomboidei 


+ 










Posterior thoracic . . 


+ 


+ 


+ ? 






Suprascapular 


+ 


+? 








To subclavius 


+ 


? 








B. Irfraclavioulab Bbanchrs. 












a. From outer cord. 












External anterior thoracic . . 


+ ? 


-1- 


+ 






To coraco-brachlalis .... 






+ 






Musculo-cutaneous 
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+ 








Outer head of median 
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-f 






b. From inner cord. 












Internal anterior thoracic . . 








-f- 


-f 


Nerve of Wrisberg .... 
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Internal cutaneous 
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-f- 


Ulnar . . . . 
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Inner head of median . 
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-f- 
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c. From posterior cord. 












Upper subscapular .... 


, + 
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, 






Middle or long subscapular . . . 




? 


+ 


? 




Lower subscapular .... 


+ ? 


+ 


? 






Circumflex 


+ 


+? 








Musculo-spiral .... 


1 


-1- 


+ 


-1- 





A. — Bbakches above the Clavicle. 

« 

Bmall muscular branches. — The branches for the scaleni and longtia colli 
muscles spring in an irregular manner from the lower cervical nerves close to their 
place of emergence from the intervertebral foramina. 

Branch to the phrenic nerve. — This small branch is, when present, an 
offset from the fifth cervical nerve ; it asaalljr joins the phrenic nerve on the 
anterior scalenus muscle. 

> See W. P. Herringham, ** The Minute Anatomy of the Brachial Plexus," Proc. Boj. See., xli, 

1886. 
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Varlatles. — Tha commnnjcatiiig branch to the phrenic nerve has been seen to p&ss down 
into the thorax over the subclavian arterr, and even over the vein, before joinin);!' with the 
trnnk. A second Glamenl to the, phrenic, from the sixth nerve, is raiety met with. 

The bxauob for tlia rhomboid moBolea (n. dorsaUa scapula) arises in 
coinmoD with the highest root of the posterior thoracic nerve from the fifth nerre 




Fig. 193.— Dbef mssxcTioB or tor axilli, shuwimo the bbiohial plexus inu NEloHBonaue 
NEBVES. (Frora Sappe; , iJter Hirachfeld uid Leveill^.) }. 
The clavicle baa been awn (hroagb ne&r ita iternBl end, and ia tumeil aaiite with the miudei 
attscfaed to it ; tbe Bubclaviiis and the greater and letser pectoral masclea haia been remnred from tbe 
front of the axilla. I, ansa cerviealit ; 2, poeunio-giutric ; 3, phrenic, pa«a log down to thu inner lide 
of ibe BcalenuB anticus mnKlfl ; 4, anterior primary division of tbe dfth cervical nerve ; 5, 6, 7, the 
fame of the sixtii, KvcDth, and eighth cervical nerves ; 8, tbe suoe of tbe tirat darsal nerve ; 9, 9, 
nerve to the subclaviua muscle, commanicating with the phrenic nerve ; 10, poBterior thoracic nerve 
distributed u> tbe aerratns magous ; 11, externa! anterior thoracic nerve, passing into tbe great peeloial 
muscle ; 13, internal anterior tboncic, dutributed to tbe leaser pectoral ; U, twig of communicatioa 
between theae two nerves; 12. luprascapalar nerve, pa»ing through the Bnpraacspular notch ; 15, 
upper Bubecapalar nerve; IS, lower i>abecapular nerve; 17, long aubacapular ucme ; 18, SI, amall 
internal cutaneous nerve ; 19, union of this with the KCond and third intercoetai onrves ; 20, lateral 
branch of the second intercostal; 22, internal cntaneous nerve; 23, ulnar nerve to the ioaide of 
the axillary artery, passing behind the vein, and having, in this case, a root from tbe outer cord of 
the plexus ; 24, median nerve immediately below the place where ita two rool4 embrace the artery, 
which is divided above tbis place ; 25, m use ulo- cutaneous nerve, passing into the eoraco-brftchialii 
moBcle, to which it ia giving a branch ; 26, miiscalo-spiral nerve, paasing behind the divided uuUary 

close to the vertehrse, and is directed backwards to the base of the scapula through 
the fibres of tbe middle scalenos, aod beneath the levator ancrnli scapulae, to the 
deep surface of the rhomboid miiscles, in which it termiuates. It gives cue or two 
brandies to the levator Bcapulffi, and sometimes a twig to the highest digitation of 
the semttuB posticus superior (Rielander). 
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The posterior thoracic nerve (n. tkoracalis bngus) usoally arises by three 
roots fmm the firth, sixth, and seventh cervicai nerves. The upper and middle roots 
perforate the scalenus medius and join either in the substance or on the sur^tce of 
that ninBcle ; the lower root passes in front of the scalenus medius and joins the 
trnnk opposite or below the first rib. The nerve descends behind the brachial 
plexus and the first part of the axillary arteiy, on the outer surface of the serratus 
magnns, nearly to the lower border of that muscle, supplying it with numerous 
branches. The fibres derived from the several roots are distributed to the slips of 
the muscle in order from above downwards. 

Tarletiea. — -The root from the seventh nerve is eometimee wanting. In three instances 
the nerve was found by Lucas receiving a foortb toot from the eighth cervical nerve. The 
«nt from the fifth nerve sometimes remains separata, being distributed only to the npper 
dinsion of the mnscle. 

The anpraecapiilar nerve arises from the trunk formed by the union of the 
fifth and sixth cervical nerves, but its fibres are derived mainly from the fifth nerve. 
It passes ontwards and backwards beneath the trapezius and omo-hyoid moscles to 




iHiTMlifeldandLeveill^.) j 

0, scalenna mediiu and posCicug muBctee ; 
b, lerator angnti scapulie ; i;, aci-omion ; d, 
dell^d DiDKle, of which Ibe back part has 

teres mnjor ; g, Istissimiis dorsi -. 1, the 
biK-hial pleiDB, seea from behind; 1', nerve 
lo the rhombuid musclas ; 2, pliuied on the 
clarii-le, the saprascapular nerre ; 3, ita 
branchts to the BUpntspinntus niaacle : 4, 
hrSDch to the infraapinBtuB ; 5, the circum- 
B«x nerve, paviug out of the quadrangnlnr 
mterval ; 6, its branch to the teres taJDor 
"■uacle; T, hranchea to the deltoid; 8, 
cutniieouB branch. 



the Upper border of the scapula, where it enters the supraspinous foasa through the 
B'^prascapnlar notch, below the ligament of the same name. In the supraspinous 
lOBsa, the nerve supplies branches to the supraspinatus muscle, and a slender 
'^^ticular filament to the shoulder-joint ; and it then descends through the great 
^"^pular notch to the lower fossa, where it ends in the infraspinatus muscle, 
fwniBhiiig sometimes a second twig to the articulation of the shoulder. 

VaxlBtlaB. — The sapt^Bcapnljir nerve ia sometimes derived Folely from the fifth nerve ; or 
*~^niaj receive a few fibres from the fourth nerve. It has been seen dividini; into two parte. 
~* oae of which passes through the suprascapular notch, while the other pierces the bona 
J'lBt below the notch. Very nuely a branch is given to the upper part of the subeoapalaris 
■otiDcU, or to the tere« oioor. Filaments to the aoromio-clavicular articulation have been 
'*ctioed by Rodinger, and to the periosteum and substance of Che scapula by Swan and Ellis. 

The nerve of the enbcUTiu muole, a slender branch given off from the 
■roQt of the upper trunk of the plexus, is also derived maiuly or wholly from the 
fifth cervical nerve. It descends over the third part of the subclavian artery and 
whind the clavicle to the posterior surface of its muscle. 

^Krletles. — The nerve to the subclavius often sends a branch inwards to join the phrenic 
'''^e either at the root of the neck (fig. lUS) or, less frequently, in the thorax. A 
wnntnnnicating twig to the eitemal anterior thoracic nerve, and a branchjo the clavioiilar 
™*4 of the stemo-mastoid have also been observed (Turner). 
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B. — Branches below the Clavicle. 

Anterior thoracic nerves. — The anterior thoracic nerves, two in nomher, 
supply the pectoral muscles. 

The external^ or more superficial branch, arising from the outer cord under cover 
of the clavicle, is derived from the sixth and seventh nerves, very frequently also the 
fifth. It crosses inwards over the axillary artery, and, after giving off a branch to 
join the inner nerve, terminates in the great pectoral muscle. 

The internal^ or deeper branch, springing from the inner cord, mostly receives 
fibres from both the last cervical and first dorsal nerves. It comes forwards between 
the axillary artery and vein, and is joined by the communicating branch from the 
external nerve, with which it forms a plexiform loop embracing the axillary artery. 
From this loop offsets proceed to the small and to the lower part of the large 
pectoral muscles. 

Varieties. — The intenial branch oocasionally haa no fibres from the first dorsal nerre. 
Cutaneous filaments from the anterior thoracic nerves to the mammary region and to the aim 
have been described by various observers. The external branch is said to supply twig!» 
sometimes to the clavicular part of the deltoid ; and, accordin;; to Bock and Yaleiitin, a 
filament is given to the acromio-clavicnlar articulation. 

Subscapular nerves. — The subscapular nerves are usually three in number, 
and supply the muscles forming the posterior wall of the axilla. 

The upper nerve, the smallest of the three, is derived from the fifth and siith 
cervical nerves, and penetrates the upper part of the subscapularis mnscle. This 
branch is often double. 

The middle or long subscaptdar nerve (n. thoracodorsalis) is the largest of the 
three, and obtains its fibres mainly from the seventh, to a less extent in many cases 
also from the sixth or eighth cervical nerves. It descends in company with the 
subscapular artery to enter the deep surface of the latissimus dorsi muscle. 

The lower subscapular nerve is derived from the fifth and sixth, or less frequently 
the sixth and seventh cervical nerves. It gives one or two branches to the lower 
part of the subscapularis, and ends in the teres major muscle. 

Varieties. — The upper nerre occasionally proceeds from the fifth or sixth cervical nerve 
alone. The most frequent origin of the lon^ tuhscapular nerre is from the seventh alo:ie, or 
from the seventh and ei^rhth nerves ; it rarely i^eceives fibres from the fifth. The lower nerrt 
seldom proceeds from the fifth or sixth nerve alone, or from the fifth, sixth, and seventh 
nerves. The branches to the lower part of the subscapularis and the teres major muaclee are 
sometimes independent offsets of the brachial plexus. The nerve to the teres major is 
occasionally given off by the commencement of the circumflex nerve. 

Circumflex nerve. — The circumflex nerve (n, axillaris), one of the terminal 
branches of the posterior cord of the plexus, obtains its fibres from the fifth and 
sixth cervical nerves. It is placed at first behind the axillary artery, resting on the 
subscapularis muscle, at the lower border of which it turns backwards with the 
posterior circumflex vessels. It then appears at the back of the shoulder in the 
quadrilateral space between the two teres muscles (fig. 194), external to the long 
head of the triceps, and divides into branches, which are distributed to the deltoid 
and teres minor muscles, the integument of the shoulder, and the shoulder- joint. 

(a) The upper branch winds round the upper part of the shaft of the humems, 
extending nearly as far as the anterior border of the deltoid muscle, to which it is 
distributed. One or two cutaneous filaments penetrate between the muscular fibres, 
and are bent downwards to supply the integument over the lower part of the muscle. 

(b) The lower branch supplies offsets to the back part of the deltoid, and 
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faroighes the nerve to the teres minor, on which there ia often a small reddish 
enlargement. It then tuma roond the posterior border of the deltoid below the 

Fig. 196.— DisTRiBDTioir or tbr rusiEBcoa onTAiiEoiis MEftVES ur thk 
SHODLDiB AJiD iRM (Hiisclifeld uid L«veill£. ) ( 
1, supra 'UniiDUl branches of the cerric&l plexu! deaceniiiD); on the 
deltoid Diawle ; 2, ucendjog anil 2', descending cataneoue bntncheB of 
the circumflex nerve ; 3, inferior eiternal cutaneoua of the mnRcnlo- 
ipiral nerve ; 4, posterior cutaneoua broncliea oE tbe muoculo-culaneoua 
nerve to the forearm ; S, 6, internal cutaneous of tbe mueculo- spiral ; 
7, nerve of Wriibef^ ; 8, 9, poaterior branches of the internal cutaneous 

middle, and ramifies in the integument over the lower two- 
thirds of that mtiBcle, and over the adjacent part of the 
triceps (n. eulaneas brackii laleralie). 

(c) One or two arlicular filaments for the shoalder- 
joint arise near the commencement of the nerve, and 
enter tbe capsular ligament below the subscapular muscle. 

Ranber deecribes a Slament of the upper branch as asoeadin)! 
in the bicipitAl groove to be distributed to tbe upper extremit; of 
the hnmemB and the capBole of tbe shoulder- joint. 

Tarietlea. — Tbe oinnimSez oerre is ocoasionally derived wbollj 
from the fifth eerrical ; and the ooatribution from the eixth 
aervfl is often verj amall. It has been seen to perforate the lower 
part of the sDhscapularia muBcle (MaOOlister, Bubenik), lo which 
it often famishes a branch. Branches to the long head of the 
triceps and to the iofraspinatne are also mentioned. 

Xikt«nial cataneoiu nsrre. — The internal cutaneons 
nerve (n. cutanew anUbrachiimedialW) is composed of fibres 
proceeding from the first dorsal, and usually also from the 
eigfhth cervical nerve. After leaving the inner cord of 
the plexus, it is placed at first to the inner side of the 

AZiUaiy art«rj, and then descenda superficially between the brachial artery and tbe 
'^Asilic vein to rather below the middle of the arm, where it becomes subcutaneous. 
^ it pierces the fascia it is divided into two parts, one destined for the anterior, 
the other for the posterior surface of the forearm. 

(a) The anterior division crosses at the bend of the elbow behind (leas frequently 
<)Ver^ the median-basilic vein, and distributes filaments in front of the forearm, aa 
'v as the wrist ; one of these may be joined with a cutaneous branch of the ulnar 
•"ave (fig. 197, 14). 

(6) The postm-ior division, emaller than the anterior, inclines to the inner side 
*>' the basilic vein, and sends its branches obliquely backwards round the inner 
"^fgin of the foreai-m to supply the skin about as far as the subcutaneous border of 
"^^ ulna. Above the elbow this division is connected with the small internal 
^^neous nerve ; in the forearm it communicates with the anterior part of the 
internal cutaneous, and near the wrist sometimes with the dorsal branch of the 

wnaj. nerve. 

(e) One or more branches lo the integument of the arm pierce the fascia near the 

f'^iUa, and reach to the elbow, or nearly so, distributing filaments outwards over the 

nicepa muscle. 

Varletlea. — The poaterior division of the internal caUneoos nerve has been seen arising 
*|P»«>telr from the poaterior branch of the lower tmnk of the brachial plexus (G. Elliot 
™^th, Jonm. Anat.. iiiz. HS). Cases are recorded in which the posterior division is joined, 
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or replaced to a, greater or leas eitenC, b; a branch of the alnar oerve. In 

poHteriot brnDch was large and extended to the hand, taking' the plaoe of the absent dorsal 

branch of the ulnar nerve (6. D. T.). 



-■j«»^a 





Fi^ 196. — Aktiuds anTAFiotie HEHvKg or 

Hi™«bfeidandLBYeill6,) i 
1, 1, anprsclaTicDlBr nenn from the cervicaJ pleniu ; 2, 2, 2. cntaneouB bmncbei of the i 
Berre ; 3, 1, upper brancbes at tbe intern&l cutikneoua nerve ; 5, upper eitemal c 
tbe mDBculD-Bpiral j 6, iDtemal culAneoua nerve pistcing tbe deep fascia ; 7, its pi 
cominunicating Ivig with c>Le of the aaterior braoehea ; 9, )0, anterior branches of Ibia 

torning round the median baBilic and ulnar reins ; 11, mu . ._ _ ^ 

(exceptional I j) over the median -cephalic vein ; 12, lower eilemal cutaneous branch of the mnscuJo- 



(From Sappej, tJter 



> lirancb of 
brsneb ; S, 



Fig. 197.— Amiihob 



these w 



D BIRD. (From Sapper, after Hirn:hf<M 
and LeveiUe.) j 
), 13, distribution of the uilariar djnnion of tbe internal cutaneoua nene ; 14, union of one irf 
th a twig of the ulnar nerve ; I'^, lo>er external cutaneous branch of the mnsculo-spiral nerve; 
, distribution of tbe external cutaneous nerve ; Ifl, union of one of ita biancbes with 17, Ih 
radial nerve; 16. palmar cutaneous bnnch of the median nerve; 19, -20, internal and eiteraal 
digital branches to the thumb from the medun nerve; 21, external digital to the index finger; 
22, 23, digital branches to the index, middle, and ring fingers ; 21, 2S, digital branches tnm tbe nbisr 
nerve to the ring and Utile Gngen. 

Small intaiukl ontMiMnia nerrs. — The small internal cntaneona nerve a 
nerve of Wriabei^ (n, culaneus brachii medialia), derived from tbe first dorsal nerve, 
commonly arises from the inner cord of the brachial plexus in union with the large 
internal cutaneous nerve. In the axilia it lies at firgt behind the aiiljary vein, bnt 
it soon appears on the inner side of that vessel, and communicates with the 
intercoeto-humeral nerve. It then descends along the inner side of the baailic reio 
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to about the middle of the arm, where it pierces the fascia, and its filaments are 
thence continued to the interval between the internal condyle of the humeros and 
the olecranon. 

Vazietiea.— The small internal cutaneouB may receive fibres from the eighth cervical 
(rarely) or the second dorsal nerve. The connection with the intercosto-humeral nerve 
presents mnch variety in different cases : — ^in some, there are two or more intercommnnications, 
forming a kind of plexus on the posterior boundary of the axillary space ; in others the 
interoosto-humeral nerve is of larger size than usual, and takes the place of the nerve of 
Wrisberg, only receiving in the axilla a small filament from the brachial plexus, and this 
small communicating filament represents in such cases the nerve of Wrisberg. It sometimes 
oommnnicates also with the lateral cutaneous branch of the third intercostal nerve. Absence 
of the nerve of Wrisberg is noted. 



The nerve to the coraco-brachialis is a small branch formed by fibres 
derived from the seventh cervical nerve. In the infant it is a separate oflfeet from 
the outer cord of the plexus, but in the adult it is commonly more or less closely 
united to the trunk of the musculo-cutaneous nerve, from which it separates before 
that nerve enters the muscle (Herringham). It is often represented by two 
filaments. 

Muscnlo-cutaneoiui nerve. — ^The musculo-cutaneous or external cutaneous 
nerve, derived from the fifth and sixth cervical nerves, is deeply placed between the 
muscles as far as the elbow, and below that point is immediately under the 
integument. Arising from the outer cord of the brachial plexus opposite the small 
pectoral muscle, it perforates the coraco-brachialis, and, passing obliquely across the 
arm between the biceps and brachialis anticus muscles, reaches the outer side of the 
biceps a little above the elbow. Here it perforates the fascia, and, passing behind 
the median-cephalic vein, divides into two branches which supply the integument 
on the outer side of the forearm, one on the anterior, the other on the posterior 
aspect. 

A. Branches in Ute arm. 

In addition to the one or two twigs to the coraco-brachialis which may be given 
off from this nerve near its origin (see above), the musculo-cutaneous furnishes the 
following offsets in the deep part of its course : — 

id) Branches to the biceps and brachialis anticus muscles, which arise after the 
i^erve has pierced the coraco-brachialis. 

(ft) A slender branch to the humerus^ entering the bone with the medullary 
aiiiery. 

{e) An articular filament to the elbow- joint. 

The nerve to the hnmems is described by Banber and others as arising from the nerve 
^^ore it enters the coraco-brachialis, and descending along the brachial artery^ to which it 
^^Pplies filaments ; but Testut states that in all the cases in which he found this branch it 
^as ^yen off by the nerve to the brachialis anticus. An articular filament may proceed from 
^e nerve to the biceps (Gruveilhier) or from that to the brachialis anticus (Rudinger) ; 
^estnt traced a twig from the latter source to the periosteum about the ooronoid fossa. A 
^^*c^lar branch to the lower part of the brachial artery from the nerve of the brachialis 
^tiouB is described by Swan and Testut. 

B. Branches in the forearm. 

ijd) The anterior bratich descends near the radial border of the forearm. It is 

pla<*ied in front of the radial artery near the wrist, and distributes its terminal offsets 

o^er the thenar eminence. One or two filaments pierce the fascia and run on the 

wtcTy to the articulations of the wrist. This part of the nerve is connected above 

the vmst with a branch of the radial nerve. 

{}) The posterior branch is directed outwards to the back of the forearm, and 
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ramilies in the integmneDt or the lower tvo-thirds, extending as far as or somewhat 
beyond the wrist. It commuaicatea with a branch of the radial nerve, and with 
the lower external cutaneous branch of the rausculo-spinil nerve. 



T»rl«tiaB. — The musculo-cntaneoui 
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1, niuacula-calaneouB oerre, giring off 2, the breach to the coraco-bntchialii mUBcte : 3, branch to 
the hicepa, represented incorrectlj as giien off before the nerve pierces the coreco-brachialii ; 4, branch 
to hiachiaiia anlicoa ; S, coininaDicaliDg hrancb from the metlian to the muscolo-cutaneoiii nerve (an 
infreiiuent variet;) ; 6, cnotinoation of the nene to ita cntaoeouB distrihutinn ; 7, mDMuJo-Bpiral nerre 
in the interral between the brachialia aoticuB and lupinator lungus muscles ; 8, inforior eitemal 
CDtaneouB branch of the musculo spiral ; 9, tlie tai);e and small internal cutaneons nerves divided ; 10, 
anterior branch i<f the internal cutaoeans ; 11, median nerre ; to the inner aide of this the olnar nerre 
is croBsed bj the tine from 1 1. 
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12, median nerve ; 13. its branch to the pronator teres ; 14, bi'anchtothe superficial fletor oiDscles, 
which hafe been removed ; 15, branch to the fleior profundus digitomm ; 16, brancb to the flexor 
longns pollicis ; IT, anterior introsseous nerve ; IS, palmar cutaneous branch cut short ; 10, branch la 
short muscles of thumb : 20, 21, digital branches to thumb ; 22. 23, 24, third, fourth, and Gfih 
digital branches ; 25. branch given hy ulnar nerve to fleior carpi ninarie ; 2a, branch to flenor profundni 
.digitomm ; 27, eolaneous twig ; 28, doraal branch of nlnar ; 29, superficial palmar portion ; 30, SI, 
digital branchea to ring and little fingen ; 32. deep |>almar branch ; S3, i(a brauch to short muscles of 
little finger ; 34, 3S, 3ii, twigs given bj deep branch of ulnar to third and fourth lambricales, all the 
IB muscles, ami the adductors of the thumb. 
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tronk of the median for a variable distance in the upper part of the arm, the mnBcnlO' 
cutaneouB or its several branches then being given off from the median trunk, and passing 
outwards to the interval between the biceps and brachialis anticus muscles : this is a common 
arrangement in lower mammals. In other cases (2 per cent., Tetitut ; 8 per cent., Villar) onlj* 
a part of the fibres take this course, bo that a communicating branch runs from the median to 
the muECulo-cutaneous (fig. 198, 5); or the muscular part of the nerve perforates the coraco- 
brachialis and the cutaneous part is given off from the median (Schwalbe) ; or the median 
furnishes only the muscular branches (Villar). Much more frequently (36 per cent., Testut) 
some of the median fibres are associated with the musoulo-cutaneous in its passage through 
the coraoo-brachialis, a communicating branch then passing from the latter nerve to the 
median. Veiy rarely the whole outer cord of the plexus pierces the coraoo-brachialis, and 
then divides into musculo-cutaneous and outer head of the median. (Testut, " Recherche s 
anatomiques sur Tanastomose du nerf musculo-cutan^ avec le nerf median," Journ. de I'Anat., 
1883 ; and " M^oire sur la portion brachiale du nerf musculo-cutan^,*' Intemat. Monatschr. 
f . Anat., 1884; F. Villar, *'Quelques recherches sur les anastomoses des nerfs du membre 
sup^eur," Bull. SoG. Anat. de Pat is, 1888.) 

Sometimes, the musculo-cutaneous nerve does not perforate the coraco-brrchialis, in which 
case it may pass either behind that muscle, or between the coraco*brachialis and the short 
head of the biceps. The nerve has also been seen perforating the short head of the biceps, or 
the brachialis anticus, as well as the coraco-brachialis. 

In rare cases a branch is given to the pronator teres muscle. The terminal portion of the 
nerve is not unfrequently continued on the back of the hand to the skin over the first 
metacarpal bone and the adjoining interosseous space. Hepburn found the mufculo-cutaneous 
supplying the back of the thumb in a case in which the radial nerve was wanting ; and H. 
Virchow and Th. Kolliker describe a case in which it gave the dorsal digital nerves to both 
sides of the ring and the radial side of the little fingers. 

Summary. — The musculo-cutaneous nerve supplies the biceps and brachialis 
anticus muscles, the integument on the outer side of the forearm, the humerus, and 
the elbow and wrist-joints. Communications are established between it and the 
radial and the lower external cutaneous branch of the musculo-spiral. 

Ulnar nerve. — The ulnar nerve, the largest branch of the inner cord of the 
brachial plexus, receives its fibres from the last cervical and first dorsal nerves. 
From its origin, where it is placed between the axillary artery and vein, it descends 
on the inner side of the main artery of the limb as far as the middle of the arm, and 
thence with the inferior profunda artery along the back of the internal inter- 
muscular septum, being often lodged in a groove in the substance of the inner head 
of the triceps muscle, to the interval between the olecranon and the inner condyle of 
the humerus. In the arm it is covered only by the fascia, and it may be felt 
through the integument a little above the elbow. It next passes between the two 
heads of the flexor carpi ulnaris muscle, under cover of which it is continued with a 
straight course as far as the wrist, resting on the flexor profundus digitorum. The 
nerve meets the ulnar vessels somewhat above the middle of the forearm, and from 
this point it remains in contact with them on their inner side. Above the wrist it 
gives off a large dorsal branch to the hand, and the trunk then runs over the front 
of the annular ligament, being placed between the ulnar artery and the pisiform 
bone, to terminate as it enters the palm by dividing into superficial and deep parts. 

The ulnar nerve usually gives off no branches in the upper arm. 

A. Branches in the forearm, 

{a) Articular filummis are given to the elbow-joint as the nerve passes 
behind it. 

(Jb) MvMular branches (8 c, 1 d) arise from the nerve near the elbow, and pass to 
the flexor carpi ulnaris and the inner half of the flexor profundus digitorum muscles. 

{c) Cutaneous branches, — These two small nerves arise about the middle of the 
forearm by a common trunk. One pierces the fascia, and turning downwards, joins 
a branch of the internal cutaneous nerve : this branch is often absent. The second, 
a palmar branch, lies on the ulnar artery, which it accompanies to the hand. This 
little nerve gives filaments around the vessel, and ramifies in the integument of the 
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inner part of the palm, joining in some cases with other cntaneons offsets of the 
nlnar or median nerve. 

(d) Dorsal branch to the hand. — This large offset (8 c). leaving the trunk of the 
ulnar nerve two or three inches ahove the wrist, winds backwards beneath the flexor 
carpi ulnaris, gives a twig over the back of the wrist which usually joins in a loop with 
an offset of the radial nerve, and then divides into branches : one of these ramifies 
on the inner side of the little finger ; another divides to supply the contiguous sides 
of that finger and the ring finger ; a third supplies in part the contiguous sides of 
the ring and middle fingers, and usually communicates with the branch of the radial 
passing to the same interspace ; while a fourth is distributed to the skin of the 
metarcarpal region of the hand, often extending to the base of the index finger 
(fig. 201 a). The dorsal digital branches on the little finger reach as far as the 
nail ; on the ring finger they do not usually reach beyond the second phalanx. On 
the sides of the fingers they form communications with the corresponding volar 
digital nerves. 

B. Branches in the palm. 

(a) The superficial part of the ulnar nerve (1 d, or 8 c, 1 d) supplies filaments to the 
palmaris brevis muscle and the integument of the hypothenar eminence, and divides 
into two digital branches. One of these passes to the ulnar side of the little finger ; 
the other is connected in the palm of the hand with the innermost digital branch of 
the median nerve, and at the cleft between the little and ring fingers, divides into the 
collateral nerves for these fingers. From the communicating branch with the 
median nerve filaments are sent to the skin and vessels of the palm. The terminal 
disposition of the digital branches on the fingers is the same as that of the median 
nerve, to be presently described. 

(b) The deep part (8 c) sinks backwards with the deep branch of the ulnar artery 
between the abductor and flexor brevis minimi digiti muscles, and passing to the 
inner side of and below the hook of the unciform bone (which it sometimes grooves'), 
through the cleft in the opponens minimi digiti muscle (Vol. II, p. 238), follows the 
coarse of the deep palmar arch across the hand. It supplies the short muscles of 
the little finger as it passes between them ; as it lies over the metacarpal bones it 
distributes branches to the interosseous muscles and the inner two lumbricales ; and 
at the outer side of the palm it terminates in offsets to the adductores pollicis and 
the abductor indicis muscles. Articular filaments pass upwards to the wrist, and 
others descend to the metacarpo-phalangeal articulations (Rudinger). Bauber also 
describes small perforating branches^ which accompany the superior perforating 
arteries in the interosseous spaces, and join the terminal filaments of the posterior 
interosseous nerve. 

Varieties. — The ulnar nerve not unfreqnently has an additional root from the eeventh 
oervical nerve. It is rarely derived wholly from the eighth nerve, or from the seventh and 
ei^l^th cervical. In a few instances the nerve has been seen descending in front of the inner 
condyle instead of behind. Cases are also recorded in which the ulnar nerve slipped forwards 
over the internal condyle when the elbow was bent. A branch may pass from the ulnar nerve 
in the arm to reinforce the internal cutaneous (p. 295). A communication between the ulnar 
and median nerves in the arm was seen by Villar, and also a communication with the 
musculo-spiral (Bull. Soc. Anat. Paris, 1888, 613). A branch from the median to join the 
ulnar in the forearm is of frequent occurrence (p. 302). When the occasional epitrochleo- 
anconeus muscle (Vol. II, p. 225) is present, it receives a branch from the ulnar nerve. 
Filaments of the ulnar nerve have been found passing to the inner part of the triceps, or to 
the flexor sublimis digitorum, and from the deep part to the second (H. St. John Brooks, 
Testut), or to the first lumbricalis (J. T. Wilson), or to the outer head of the flexor brevis 
pollicis (normal according to Swan and Brooks). The dorsal branch may be smaller than 

^ W. Anderson, "A Note on the Course and Relations of the Deep Branch of the Ulnar Nerve,*' 
Proc. Anat. Soc., Feb. 6, 1894. 
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nsaal, or eyen absent, in j which case the deficiency ia generally compensated by the radial 
nerve (p. 306), in rare cases by the lower external cutaneous of the musculo-splral (p. 304), or 
by the internal cutaneous (p. 296). Its area of digital distribution is seldom increased, but it 
was found by Hepburn supplying all four fingers in a case of absence of the radial nerve. 
Its filaments often reach to the radial side of the second metacarpal bone, and in one instance 
they were followed by Zander to the back of the first phalanx of the thumb. 

SuMMAEY. — The ulnar nerve gives cutaneous filaments to the lower part of the 
forearm (to a small extent), and to the inner part of the hand on its pabnar aad 
dorsal aspects. It supplies the following muscles, viz., the ulnar flexor of the carpus, 
the deep flexor of the lingers (its inner half), the short muscles of the little finger 
with the palmarls brevis, the interosseous muscles of the hand, the inner two 
lambricales, and the adductores pollicis. Lastly, it contributes to the nervous 
supply of the joints of the elbow, wrist, and hand. 

Median nerve. — The median nerve, composed of fibres proceeding from the 

lower three cervical and the first dorsal nerves, arises by two roots or heads, one from 

the outer, the other from the inner cord of the brachial plexus. Commencing by 

the union of these roots in front or on the outer side of the axillary artery, the 

nerve descends in contact with the brachial artery, lying on its anteroJateral aspect 

as far as the middle of the arm, then gradually passes inwards over it, and near the 

elbow gains the inner side of the vessel. Sinking into the hollow at the bend of the 

elbow, the nerve passes beneath the superficial portion of the pronator teres, but over 

the deep slip of that muscle, by which it is separated from the ulnar artery, and 

continues straight down the front of the forearm between the flexor sublimis and 

flexor profundus digitorum muscles. Arrived near the wrist it lies beneath the 

fascia, between the tendons of the flexor sublimis and palmaris longus internally 

and that of the flexor carpi radialis externally. It then enters the palm behind the 

annular ligament, and rests on the flexor tendons. Somewhat enlarged, and of a 

slightly reddish colour, it here separates into two parts of nearly equal size. One of 

these (the external) supplies some of the short muscles of the thumb, and gives 

digital branches to the thumb and the index finger ; the second portion supplies the 

middle finger, and in part the index and ring fingers. 

The median nerve usually gives no branch in the upper arm. 
A. Branches in theformrm, 

(a) Articular branches. — These are one or two filaments to the front of the 
elbow-joint (RUdinger). 

(b) Muscular branches arise either together or separately in the neighbourhood 
of the elbow and pass to the pronator teres (6 c), flexor carpi radialis (6 c), palmaris 
longus and the condylo-ulnar head of the flexor sublimis digitorum (7, 8 c, Id), A 
^parate ofiset enters the radial head of the flexor sublimis, and a third branch 
supplying the index finger belly of the same muscle is given oflT by the trunk at a 
lower level in the forearm. 

(c) Anterior interosseous nerve {7 j 8 c, 1 ^ or 8 c, 1 ^).— This is the longest branch 
of the median nerve, and it supplies the deeper muscles of the front of the forearm. 
Leaving the main trunk a little below the elbow, it runs downwards with the artery 
0^ the same name on the interosseous membrane to the deep surface of the pronator 
<]iiadratuB muscle, in which it ends. It distributes branches to the flexor longus 
pollicis and the outer half of the flexor profundus digitorum, between which it lies ; 
* slender branch is given oflT to the interosseous membrane, along or in which it 
descends, dividing into two, and supplying filaments to the membrane, to the 
anterior interosseous vessels, to the shafts of the radius and ulna with the medullary 
arteries, and to the periosteum ; and from the lower end of the nerve a twig is con- 
tinued to the front of the wrist-joint. Small Pacinian bodies are found on the 
"ranches passing to the bone and periosteum (Rauber). 

VOL. III., PT. 2. u 
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(d) The pahnar cutaneous branch arises a variable distance above the wrist, and 
pierces the fascia of the forearm between the tendons of the flexor carpi radialis and 
palmaris longus, close to the annular ligament, to terminate in the integument of 
the palm, where it communicates with the palmar cutaneous branch of the ulnar 
nerve. Some filaments are distributed over the thenar eminence, and form com- 
munications with twigs of the radial or external cutaneous nerve. 

B. Branches in the hand, 

(a) Branch to muscles of the thumb. — This short nerve (6 c), arching outwards 
immediately below the annular ligament, subdivides into branches for the abductor, 
the opponens, and the outer head of the flexor brevis pollicis muscles. 

(b) Digital nerves. — These are five in number, and belong to the thumb, and the 
fingers as far as the outer side of the ring-finger. They lie at first beneath the 
superficial palmar arch and its digital branches, but as they approach the clefts between 
the fingers, they are close to the integument in the intervals between the longi- 
tudinal divisions of the palmar fascia, and on the fingers the nerves lie in front of 
the vessels. 

The first and second nerves lie along the sides of the thumb ; and the former (the 
outer one) is connected with the radial nerve over the border of the thumb. 

The third, destined for the radial side of the index finger, gives a branch to the 
first or most external lumbricalis muscle. 

The fourth supplies the second lumbricalis, and divides into collateral branches 
for the adjacent sides of the index and middle fingers. 

The fifth, the most internal of the digital nerves, is connected by a cross branch 
with the ulnar nerve, and divides to supply the adjacent sides of the ring and 
middle fingers. It often gives a branch to the third lumbricalis, which then has a 
double supply. 

Each digital nerve divides at the end of the finger into two branches, one or 
which supplies the ball on the fore part of the finger, while the other ramifies in the 
pulp beneath the nail. Branches pass from each nerve forwards and backwards to 
the integument of the finger ; those passing backwards join the dorsal collateral 
nerve, and supply mainly the integument over the second and third phalanges of the 
middle three digits. Filaments are also furnished to the articulations of the fingers. 
The volar digital branches of the median and ulnar nerves are beset with numerous 
Pacinian corpuscles both in the palm and on the fingers : the number of these 
bodies varies from 60 to 100 in each digit. 

Varieties. — Oocasionally the median nerve does not reeeive any fibres from the fir&t> 
dorsal nerve. 

Either of the heads of the nerve may be doable. The level at which the two heads join is 
very variable ; they have been found separate to the middle of the arm, and in one cafi^e 
nearly as far as the elbow (Testnt). Calori saw the two heads embracing the axillary vein »» 
well as the artery. The inner head may cross behind, instead of in front of, the axillary 
artery. The whole nerve is often found passing behind the brachial artery (YoL II, p. 441^. 
The outer head has been seen by Turner passing behind the axillary artery, so that the trunk 
of the nerve lay altogether to the inner side of the brachial artery ; and in another case 
recorded by the same anatomist the outer head separated from the musculo-cutaneous in tb6 
middle of the arm and crossed behind the brachial artery to join the inner head. Gruber and 
Walsh have described cases in which the nerve entered the forearm over the pronator teres 
muscle. It has also been seen running down the forearm superficial to the flexor sublimit 
digitorum (G. D. T.). The nerve has been found split for a certain distance in the forearxDr 
the cleft giving passage to the ulnar artery (Testut) or a branch of that vessel (Mauclaire). ct 
to the superficial long head of the flexor longus pollicis (Davies-CoUey, Taylor and Daltoo, 
J. W. Williams), or to a supernumerary long palmar muscle (Beid and Taylor). 

The frequent communication between the median and musculo-cutaneous nerves in the 
arm has already been referred to (p. 299). One instance is recorded of a connection between 
the median and ulnar nerves in the arm (p. 300). A communication between these nerves in 
the upper part of the forearm is present in the proportion of one in four or five limbs, usuallj 
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in the form of a branch leaving the median in common either with the musoular offsets at the 

elbow or with the anterior interosseous nerve, and passing with or near the ulnar artery to 

join the ulnar nerve about the middle of the forearm : less frequently the connection is by 

means of a loop or small plexus, from which twigs are given off to the flexor profundus 

digitomm muscle ; this communication between the median and ulnar nerves in the upper 

part of the forearm is normal in most apes (Hepburn, Hofer), and in lower mammals 

(Bardeleben). A communication in the lower part of the forearm is rare. In two cases a 

branch was seen passing from the median nerve at the elbow, over the superficial muscles, to 

join the ulnar (T. J. Jeans). Very seldom a branch runs from the ulnar to the median trunk 

or to its anterior interosseous branch. The communicating branch between the median and 

ulnar nerves in the palm is commonly directed from the ulnar to the median, but it may run 

in the opposite direction, or the communication may be looped or plexiform in arrangement. 

Absence of the communication has been noted. In two cases described by Klint the anterior 

interosseous nerve received a branch from the musculo-spiral (posterior interosseous ?) through 

the interosseous membrane. A communication between the anterior and posterior interosseous 

nerves at the lower end of the interosseous space is noticed by Martin and Rauber. (F. Curtis, 

'" Becherches anatomiques sur Tanastomose du MMian et dn Cubital k Tavant-bras,** Intemat. 

Honatschr. f. Anat. u. Hist., iii, 1886 ; Third Annual Report of Committee of Collective 

Investigation of the Anat Soc., by Arthur Thomson, Joum. Anat., xxvii, 1892.) 

The digital nerves in the pcJm are often pierced by the corresponding arteries. Four cases 
are recorded by Gruber in which the nerve supplying the adjacent sides of the middle and ring 
fingers arose from the trunk in the forearm. A branch from the median nerve to the abductor 
indicis muscle was observed by Brooks. 

SuMiiARY. — The median nerve gives ontaneous branches to the palm, and to 
three and a half fingers. It supplies the pronator muscles, the flexors of the carpus 
and the long flexors of the fingers (except the ulnar flexor of the carpus, and part 
of the deep flexor of the fingers), likewise the outer set of the short muscles of the 
thumb, and two lumbricales. Articular filaments are also given to the joints of the 
elbow, wrist, and fingers. 

A great similarity will be observed in the distribution of the median and ulnar 
nerves. Neither gives any offset in the arm. Together they supply all the muscles 
of the front of the forearm and in the hand, and together they supply the skin of 
^he palmar surface of the hand, and impart tactile sensibility to all the fingers. 

SCusciilo-spiral nerve. — The musculo-spiral nerve (n. radialia of French and 
German writers), the largest ofiset from the brachial plexus, is derived from the 
^ixth, seventh, and eighth cervical nerves, in some cases also from the fifth. It 
occupies chiefly the back part of the limb, and supplies nerves to the extensor 
Muscles, as well as to the skin. 

Arising behind the axillary vessels from the posterior cord of the brachial plexus, 

<)f which it is the principal continuation and the only branch prolonged into the 

^nn, it soon turns backwards with the superior profunda artery between the long 

i^nd internal heads of the triceps, and runs beneath the external head of that muscle, 

itt the hinder part of the spiral groove of the humerus, to the outer side of the arm, 

It then pierces the external intermuscular septum, and descends in the interval 

^tween the supinator longus and brachialis anticus muscles nearly to the level of 

the outer condyle of the humerus, where it ends by dividing into the radial and 

poiierior interosseous nerves. Of these, the radial is altogether a cutaneous nerve, 

^Wle the posterior interosseous is the muscular nerve of the back of the forearm. 

The branches of the musculo-spiral nerve may be classified according as they 
arise on the inner side of the humerus, behind that bone, or on the outer side. 
A. Interiial branches, 

[a) Muscular branches for the long and inner heads of the triceps (7, 8 c). That for 
^he inner head gives two or three filaments to the upper part of the muscle, and then 
descends by the side of the ulnar nerve, to which it is often closely adherent for a 
P^ of its course, and enters the lower short fibres of the head. This long filament 
tt named by Krause the ulnar collateral branch. 

V 2 
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(h) The internal cutaneous branch of the mnscnlo-spfral nerve (n. cutaneus 
brachii posterior) (8 c), often united in origin with the preceding, winds backwards 
beneath the intercosto-humeral nerve, and extends, supplying filaments to the skin 
over the long head of the triceps, nearly as far as the olecranon. This nerve is 
accompanied by a small cutaneous artery. 

B. Posterior branches. 
These consist of a fasciculus of muscular branches (7, 8 c) which supply the outer 

and inner heads of the triceps muscle and the anconeus. The branch of the anconeus 
is slender, and remarkable for its length ; it descends in the substance of the inner 
head of the triceps to reach its destination. 

C. External branches, 
(a) The external cutaneous branches^ two in number, arise before the nerve 

pierces the external intermuscular septum, and become superficial just below the 
middle of the arm, between the outer head of the triceps and the brachialis anticus 
muscles. 

The upper branch (6 c), the smaller of the two, is directed downwards to the fore 
part of the elbow, along the cephalic vein, and distributes filaments to the lowei 
half of the arm on its outer and anterior aspect. The low^ branch (n. cutaneusi^B^j^u 
antilyrachii dorsalis) (6 c, or 6, 7 c, or 7 c, or 7, 8 c) descends in the interval betweei 
the external condyle and the olecranon, and reaches as far as the wrist, distributinj 




its offsets to the lower half of the arm, and to the forearm, on their posterior- ^r 
aspect. It is connected near the >vrist with a branch of the external cutaneour ^as 
nerve, and often with the dorsal branch of the ulnar nerve. In some cases thi-^^n 
branch is prolonged to the back of the hand (fig. 201, A). 

(b) Muscular branches are furnished to the supinator longus (6 c), extensor fi a g m i 
radialis longior(6, 7 c) (the extensor carpi radialis brevior usually receiving its nerv^^ 
from the posterior interosseous), and frequently a small twig to the outer part of tl^« 
brachialis anticus (6 c), as the nerve lies between those muscles. Together with the^t^ 
branches articular filaments are given to the outer part of the elbow-joint. 



According to Ranber a branch of the muscnlo-Bpiral nerve is given regularly to the periosteo 
on the back of the humerus ; and in some cases it also furnishes the nerve to the shaft of th^a^t 
bone, when the principal medullary artery is derived from the superior profunda. Filamexatifl 
are described as passing to the elbow-joint also from the ulnar collateral nerve, and from tli« 
branch to the anconeus. 

Varietiea. — The musculo-spiral nerve has been seen passing backwards through tb^ 
quadrilateral space between the teres muscles with the cir9umflex nerve (Guy*s Hosp. Rep.<p 
zliv). A communication with the ulnar nerve in the arm is recorded by Villar (p. 300). Tb^ 
lower external cutaneous branch was traced by Brooks in one case to the fir^t phalanx of tli^ 
ring and the second phalanx of the little fingers ; and it has been observed furnishing tbo 
dorsal digital nerves of the little and the ulnar half of the ring fingers in the place of tb^ 
ulnar nerve (Gruber, Gegenbaur). 

Radial nerve. — ^The radial nerve {ramus superficidlis n. radialis) receives it^ 
fibres from the sixth cervical nerve, sometimes also the fifth or seventh. ContinninfT 
straight down from the musculo-spiral nerve, it lies a little to the outer side of th^ 
radial artery along the anterior border of the extensor radialis brevior, under cover 
of the supinator longus, and resting on the supinator brevis, the insertion of tbe 
pronator teres, and the radius. About three inches above the wrist the nerve turu* 
backwards beneath the tendon of the supinator longus and becomes subcutaneoos* 
It then divides into two branches, which ramify on the back of the hand in the 
following manner : — 

(a) The external portion passes to the radial side of the thumb, and is joined | ^ 
by an offset of the external cutaneous nerve. It distributes filaments over the thenar 
eminence. 



i 
] 
t 

h 

& 

m 
m. 






THE RADIAL XERVE. 805 

(*) Tlie internal portion cominnnicatea witb tbc posterior braoch of the 
rniiBctilo-^Mitaneous nerve in the forearm, eeuda an offset to the back of tbe wrist, 
which asoally joins in an arch with the dorsal branch of tlie nlnar nerve, and 
then divides into four branches for the tbnmb and the outer two fingers. One 

Fffiil. titsTRiBctioii i(r THE HDScnLu-srlHii. MKHVi. (Hinchfcld Ul<l 

LenilM.) i 
Tbe sapinator langua and Ibe niJiai eiteuson Lure been ilicjdeil, iiiil 
tLeir upper parts remDnl ; t!ie eilansor minmiinis digitoram in poQed 
backvarda, uid tbe laplnator breris fau been partutllj Jlsaected to litov 
the posterior iDtcrnoeoiw aerre puaing Ibroiigb it. 

1, DD tbe tendan uf tbe bjcepe muscle, the muscnla-cntaneoui aene ; 
1', Bear the wriit, tbs lover part of tbis serve and ila plexus of union 
"with the radial nerve ; !f, trunk of tbe muEculo-^piral nerve in tbe 
interval belieen tbe brachialis anticui, on irbifh tbe number is placed, and 
Ibe supinator longuf niiiaeles : 2', it) muscnlar twigs to tbe long lupinator 
and long radial extensor ; 3*, tbe posterior inleroaseons nerre paaung 
'Uirongb the anbelance of the enpinstor breTisi 3, placed npon the cut 
lover portion of the supinator longua, and lower down, the i«dial nerve ; 
4, thp eitemal digital nerre of tbe thumb; 5, digital nerrou of the 
foreenser and tliunib arising in common ; 6, the same of tbe fore and 
middle Gngen : 7, twig of anion vitb the dorsal branch at llie ulnar 
nerre ; 8, plaued upon the common eitenmr of tbe Bugers, tbe luuacular 
lirancbea of the iiOBterior interosseous nerre lo the long eiteniior muscles ; 
9, npon the uiteniwr Ipngus pollicii, the branches to the nb^t extenaoi , 

of tbcee supplies tlie ulnar side of tlie thumb, the second 
liasses to the mdial side of tbe index finger, the third 
tlivides for the adjacent sides of the index and middle 
fingers, and the fourth is directed to the interspace 
bctircen the middle and ring fiugers. In their course these 
brancbea supply twigs to the skin of tiie onter part of tbe 
liack of tbe baud ; and the innermost one crosses, and 
usually communicates with tbe outer branches of tbe dorsal 
ulnar nerve. 

Tbe distance to which the brauclies of the radial nerve 
extend varies in the several digits. On tbe thumb they 
reach to the nail, on tbe index tin^r to the second 
plialans, and on the middle finger only to tbe fitBt phalanx, while fro.n the inner- 
most branch filaments pass to the root of the ring fiugci*. 

From the dorsal ditfitnl nerves twiirs oi-e said to be g'iven to the oariHi-metaoarpal, 
metocarpo-phalaugeal, and first interpholangeal articalations ; and aoooidint; to H^on 
fllameiits pass forwards UiroQgh tho interoBseous siiaues to the skin of the palm. Lejan 
describes an offset from the outer division of the rodiuJ nerve to the abdnctor jiollicis mnscle 
(Ball. eoc. Anat. Paris, 1890. 1»3) 

Tailatlaa. — The area of distribntiuu uf the radial and ulnar nerves, and iJie det^ree to 
which they overlap on the bock of the hand, as well ax the extent of the dorsal nervea on the 
three middle fingers, lire subject to mach variability'. From observations in man and 
mammala H^don and Zander conclnde that the primitive orran^remeDt is that in which the 
radial nerve supplies three and a half di^pts and the ulnar one and a half, all the digital 
branches exteoding to the nail. The reduction of tile dorsal nervea on the three middle 
lingers appears to be on arnuiK^ment peculiar to man, in whom however the nerves are not 
unfreqnently continued to the nail in the index and rinjf flngers, but very rarely in the 
middle finger. |,H, St. John Brooks. '' On the distribution of the cntaneoue nerves on the 
dorsum of the human band," Int«mat. MonatKchr. f. Anat. u. Phys., v. ISiS" ; E. HMon, 
'' Etikde critique snr I'innervation de la face dorsals de la main." Int«mat. Monatechr. t. Anat. 
a. Fbys., vi. 18H9 : R. Zander, " Ceber die sensibclu Neiven anf der BOakeitQaohe der Hand 
bei Saugetiereu und beim Henschen." Anat. Anz., iv, IIWB.) 
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Oocaaionally the radial nervs suppUeB the whole of the back of the band and fin^eni. Ittt 
out«F division often gives a brBDoh to the palm. Abacnoe of the ladial nerve nas met with, 
by Hepbam, the muscalo^utaneoiu sapplying the thumb, and the ulnar nerve all the lam- 
flngere (Journ. Anfct., xxi, fill). ' 




Fig. -2U1. 

The radial 
moscalo-spiral anil median in black. The two Ggi 



(A, after Brook* ; B, ifl«r Hedoo.) 
bine, the brancheaof (he ulnar in red, oflseU oF the mnacalo-cataneont, 



„ !s illustrate 'ariatiaiu in the cutaneous mippljr. -^ 
A, the radial and uloar nerves overlap to a considerable extent, and tfae lower external cutaneoai of the 
musculo -Bpiral citenile to the biek of tfae band. In B, the overlapping of the radial and ulnar nerves 
is slight, and the mDualD-culaneoua is prolonged independently into the hand. 

PoBtwior iiit«rou«ons nam. — This nerre (r. profundus n. radialit), the 

larger of the two diTiaions of the muscnlo-apiral, is composed of fibres derived from 
the sixth nnd eeventh, sometimes also the eighth, cervical nerves. It winds to the 
back of the forearm round the oater side of the radius, traversing the cleft in the 
supinator brevis muscle, and is prolonged between the deep and superficial layers of 
the extensor muscles to somewhat below the middle of the forearm, where it sinks 
beneath the long extensor of the thumb, and reaches the lower part of the 
interosseons mombrana 

Much diminished in size by the separation of nnmerouB branohes for the 
muscles, tfae nerve lies at the back of the wrist beneath the tendons of the extensor 
indicis and the common extensor of the fingers, and forms here a small enlargement, 
from which filaments are given to the adjoining ligaments and articulations. 

Branches. — (a) Muscular braiichts.— Before the nerve passes to the back of the 
forearm it gives ofisets to the extensor carpi radialis brevior (6, 7 c) and the supinator 
brcvifl (C c) moscles. After perforating the supinator brevis, it supplies branches (7 c) 
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to the extensor oommanis digitoram, extensor minimi digiti, extensor carpi ninaris, 
the three extensors of the thumb, and the extensor indicis. 

(b) Articular branches. — From the termina] enlargement of the nerve fine twigs 
proceed to the articulations of the wrist, and, according to RUdinger and Bauber, 
other filaments descend on the back of the hand to the metacarpo-phalangeal 
articulations. 

Varletie*. — ^The posterior interoBseoua nerve may pass over, instead of perforating, the 
BQpinator brevis muscle (Loschka, Kranse). A branch to the anconeus muscle is described by 
the same anatomists. There may be a communication between the anterior and posterior 
interosseous nerves at the lower part of the interosseous space (p. 303). In two cases, recorded 
^7 Turner and Schwalbe, the posterior interosseous nerve passed down to supply the adjacent 
sides of the index and middle fingers ; a similar condition has been found in the chimpanzeCi 
otang and gibbon (Westling, Hepburn, Hof er). 

Summary. — The musculo-spiral nerve supplies the extensor muscles of the 

elbow-joint, and frequently sends a filament to the brachialis anticus, which, 

however, receives its principal supply from another source. Before separating 

into its two large divisions, the nerve gives branches to two muscles of the 

/brearm, viz., the long supinator, and the long radial extensor of the carpus. 

The posterior interosseous division distributes nerves to the remaining muscles on 

^be outer and back part of the forearm, except the anconeus (previously supplied), 

^.> to the short supinator and the extensors. 

Cutaneous nerves are distributed, from the trunk of the nerve and its radial 
division, to the upper arm, to the forearm, and to the hand — on the posterior and 
outer aspect of each. Articular branches are furnished to the elbow, wrist, 
metacarpo-phalangeal, and first interphalangeal joints. 

DOBSAL VEBVES. 

The anterior divisions of the twelve dorsal or thoracic nerves are distributed 
almost entirely to the walls of the thorax and abdomen. The exceptions are the 
finBty the greater part of which joins the brachial plexus, and the second and 
twelfth, which send cutaneous offsets to the arm and hip respectively. Close to the 
intervertebral foramina, these nerves are connected to the gangliated cord of the 
Vmpathetic by very short communicating branches ; they are then directed trans** 
tersely outwards to their destination without forming any plexus, and in this 
^^"^pect they differ from the anterior primary divisions of the other spinal nerves. 
'^ho smaller part of the first, and the trunks of the succeeding ten nerves pass 
forwards in the intercostal spaces, and are thence termed intercostal nerves. Of 
these, the upper six are confined to the parietes of the thorax, while the lower 
^ve are continued anteriorly from the intercostal spaces into the wall of the 
^bdomen. The twelfth nerve, sometimes distinguished as the subcostal nerve^ 
^ placed below the last rib, and is therefore contained altogether in the abdominal 
vail. 

FIBBT DOBEUkli ZnSBVX. 

The anterior division of the first dorsal nerve divides into two parts, the larger 
^^ which ascends over the neck of the first rib to enter into the brachial plexus. 
"^e remaining portion of the nerve is continued as the first intercostal, a small 
^fanch which Ues at first under cover of the first rib, and then courses idong the 
^t intercostal space, in the manner of the other intercostal nerves, but has usually 
^^ lateral cutaneous branch, and may also want the anterior cutaneous. 

Variety.— The first dorsal nerve frequently reoeives a connecting twig which passes up- 
wards in front of the neck of the second rib from the second nerve. TMs branch was found 
^y Cunningham in twenty-seven out of thirty-seven dissections ; it was of variable size, but 
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genezaUy very small, and it sometimes joined only one, in other oases both, of the divisions of 
the first nerve (Joom. Anat., zl, 539). 

UPPSB OB FSOTOBAIi INTXROOSTAIi NXRV1B8. 

la their course to the fore part of the chest, these nerves accompany the inter- 
costal blood-vessels. From the intervertebral foramina they are directed outwards in 
front of the superior costo-transverse ligaments, the levatores costarum and the 
external intercostal muscles, being covered anteriorly, as far as the angles of the ribs, 
only by the pleura and the thin layer of connective tissue known as the endothoracic 
fascia. Gaining the upper part of the corresponding intercostal spaces, where they 
are placed below the intercostal vessels, the nerves next run between the external and 
internal intercostal muscles, and soon give off the large lateral cutaneous branches. 



povr. cuTynotf, 




Fig. 202. — Plan of ak uppkr ix)it9AL vKRvr. 

(G. D.T.) 
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which accompany the prolongations of 
the trunks for a short distance, and 
then bend outwards through the ex- 
ternal intercostal muscles about mid- 
way between the spine and the sternum. 
The nerves themselves, much reduced 
in size, are now continued forwards 
amid the fibres of the internal 
intercostal muscles as far as the costal 
cartilages, where they agaiir come into 
close relation with the pleura. In 
approaching the sternum they cross in 
front of the internal mammary vessels 
and the triangularis sterni ; and finally 
they pierce the internal intercostal 
muscles and the greater pectoral, to- 
end in the integument of the breast,^ 
receiving the name of the anterior' 
cutaneous nerves of the tJiorax, 
BnANCUER. — Mnsonlar branohes are furnished by the intercostal nerves in the= 
firet part of their course to the levatores costarum, and, from the upper fournerves^ 
to the serratus posticus superior. Several twigs enter the intercostal muscles witls 
which the nerves are in relation. At the fore part of the chest the triangularia 
sterni is supplied by offsets of these nerves from the second or third to the sixth s 
and from the fifth and sixth nerves branches pass to the upper end of the rectus 
abdominis. 

Minute subcostal branohes perforate the internal intercostal muscles to reaclv 
the inner surface of the ribs, where they are distributed to the periosteum and bone,, 
as well as probably to the costal pleura (Testut) ; and, according to Luschka, fin^ 
sternal twigs are given off at the anterior ends of the intercostal spaces to thcs! 
back of the sternum. 

The lateral cutaneous nerves of the tboraac pierce the external intercostal 
and serratus magnus muscles, in a line a little behind the pectoral border of th(? 
axilla. The first intercostal usually gives no lateral branch, or only a slender twi^ 
to the axilla, but when that of the second nerve is unusually small, it may be supple- 
mented by a branch of the first. The branch from the second intercostal is named 
vitercosio'humeraly and requires separate description. Each of the remaining latem 
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CQCaseom neires divides into two branches, which reach the integameiit at a Bhort 
clistAnce from each other, and are named animor and poslerior. 




(I LeveilU'.) i 
lutclea have been i 
n : an tlie left aid 



)Bi. [Uiraclifeia ■! 

Tlie pectaraliK major aod minor mi 
4nd inMraa! obliqna mnscIeK nre h 
and the transreraalU in exposed. 

1, median and other nervea of the bncbial plei 
4, intercoehJ nerrea continuerl fDnrardii to 4', their anterior rutaneuus twigs ; a, Inierai cuianeoiis o 
vt th«H) nerves ; 6, lateral cuUneona branch of the tait iloruil nerre ; 7, iliac brancb of tl 
hrpogutrie nerre ; S, hypogastric branch of the Bame ; 6, ilio-inguinal ; 10, middle cuUn 
tbe tbigh. __ 



i, nerve of Wrisberg ; 3, intercosi 
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Tho antirior branch^ are continaed forwards over the border of the great 
|>e<'torttl muscle. In the female their terminal ramifications sapply the skin over the 
iimmiim, and some filaments enter the substance of the gland. From the lowest two 
hervt3S twi^s are supplied to the upper digitations of the external oblique muscle 
of the abdomen. 

Tho posterior hranchss turn backwards to the integument over the scapula and 
tho latissimus dorsi muscle. The branch from the third nerve ramifies in the azUla, 
and a few filaments often reach the arm. 

The intei'costO'humeral nerve (n, intercosto-hraehialisX the lateral cutaneous 
branch of the second intercostal nerve, corresponds with the posterior of the two 
divisions of the succeeding lateral cutaneous branches, the anterior being commonly 
wanting. It crosses the axillary space to i-each the arm, and is connected in the 
axilla with an oflbet of the nerve of Wrisberg (p. 296). Penetrating the fascia, it 
becomes subcutaneous, and ramifies in the integument of the upper half of the arm 
on the inner and posterior aspect ; a few filaments reach the integument over 
the scapula. The branches of this nerve cross over the internal cutaneous ofiset of 
the musculo-spiral, and a communication is established between the two nerves. 
The size of the intercosto-humeral nerve, and the extent of its distribution, are in 
inverse proportion to the size of the other cutaneous nerves of the upper arm, 
especially the nerve of Wrisberg. 

The anterior Gntaiieoiis nerves of the thorax, which are the terminal twigs 
of the intercostal nerves, are reflected outwards in the integument over the great 
pectoral muscle. One or two of the upper branches may be connected with 
the supraclavicular nerves. In the female, those from the second, third, and fourth 
nerves are distributed over the mammary gland. 

Varieties. — ^At the hinder part or side of the chest some of the adjacent interoostaL 
nerves are occasionally connected by filaments which cross the inner surfaceB of the ribe^ 
passing from one intercostal space to join the nerve in the interval next below. A twig froiik. 
the second intercostal nerve to the pectoralis major has been described by Swan and M. Flesch ^ 
one to the pectoralis minor by Brooks. 

• 
IiOWXB OB ABDOMINAXi INmBOOBTAXi mBBVXB. 

The lower intercostal nerves in the first part of their course have relations lik^ 
those of the upper nerves already described. Lying between the external an& 
internal intercostal muscles, they give off the lateral cutaneous branches, and at th^ 
fore part of the intercostal spaces they penetrate the internal intercostal muscles.^ 
They then pass between the slips of origin of the diaphragm, the seventh, eighth^ 
and ninth nerves each crossing behind the cartilage of the rib below, and enter th^ 
abdominal wall. Here they are continued between the internal oblique anA 
transversalis muscles as far as the outer edge of the rectus, diverging from on^ 
another as they pass inwards, in consequence of the increasing obliquity of th^ 
lower nerves. Finally, perforating the posterior layer of the sheath of the rectus^ 
they turn forwards through the substance of that muscle and the anterior layer of it9 
sheath to end in small cutaneous branches (anterior cutaneous nerves). While between^ 
the abdominal muscles the lower three or four nerves are united by loops of com- 
munication, and sometimes form a small plexus. 

Branches.— Mnsonlar branolios are given to the levatores costarum, to th& 
serratus posticus inferior (from the ninth, tenth, and eleventh nerves), to the 
subcostal and intercostal muscles, and to the abdominal muscles with which 
the nerves are in contact. Filaments are also described as passing from these nerves 
to the costal portion of the diaphragm (Baur, Swan, Luschka). 

The lateral ontanooiui nervos of tho abdomen pass to the integument through 
the external intercostal and external oblique muscles, in a line with the corresponding* 
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nerves on the thorax, and divide in the same manner into anterior and posterior 
branches. 

The anterior branches are the larger. They supply the digitations of the external 
oblique muBcle, and are then directed inwards, the lower nerves also inclining 
downwards, in the superficial fascia, with small cutaneous arteries, nearly to the 
edge of the rectus muscle. 

The posterior branches bend backwards over the latissimus dorsi. 
The anterior cutaneous nerves of the abdomen are uncertain in number 
£tnd position. There are generally two or three twigs from each nerve, and some of 
tbem perforate the rectus near its outer border, but the greater number issue near 
t^lie linea alba. The branches of the seventh nerve emerge near the lower end of the 
exisiform process, and those of the tenth usually supply the skin about the 
cx:inbilicus. 

IiABT DOBEUkli NSRVS. 

The anterior primary division of the last dorsal nerve is directed outwards in 
c?<:>mpany with the abdominal branch of the first lumbar artery along the lower border 
o:^ the twelfth rib. It passes beneath the external arched ligament of the diaphragm, 
'TOSS the front of the qnadratus lumborum, and at the outer border of the latter 
^mscle it perforates the posterior aponeurosis of the transversalis (middle layer of 
t^lrft € lumbar fascia), to follow a course similar to that of the lower intercostal nerves 
izis. the abdominal wall. It is usually connected near its origin with the first 
l^^^xibar nerve by means of a small cord, which descends on or through the substauce 
o^* the quadratus lumborum muscle. It supplies branches to the quadratus 
l^^^a^inborum (frequently), internal oblique, transversalis, rectus, and pyramidalis 
«36cles, as well as lateral and anterior cutaneous branches ; and it sometimes com- 
^nicates in the abdominal wall with the ilio-hypogastric nerve. Its anterior 
taneous twigs are distributed below a point midway between the umbilicus and 
bis. 

The lateral cntaneons branch of the last dorsal nerve is usually of considerable 
si^^ie. It pierces the internal oblique muscle, gives a branch to the lowest slip of the 
c^t^ernal oblique, and then emerging through the latter muscle a vai'iable distance 
(^X'oni one to three inches) above the iliac crest, is directed downwards to the 
^K^t^egument of the fore part of the gluteal region, some filaments reaching as far as 
tli« great trochanter. 

Varieties. — In some cases the lateral cutaneous branch of the last dorsal nerve is small, 
^^^<3 is distributed entirely to the skin above the iliac crest, its place over the hip being taken 
^y" the Uiac branch of the ilio-hypogastric nerve. Complete absence of this branch was 
oliserved by M. Griffin four times in fifty cases (" Some Varieties of the Ijast Dorsal and First 
L^imbar Nerves," Joum. Anat., xxvi, 1891). 

- . ^ - - • • j' 

LVHBAB KXBYE8. 

The anterior divisions of the lumbar nerves increase in size from the first to the 
•ifth. The upper three and the greater part of the fourth enter the lumbar plexus ; 
^*>e smaller part of the fourth and the fifth pass down to the sacral plexus. On 
leaving the intervertebral foramina, the nerves are connected by filaments with the 
^^d of the sympathetic, these filaments being longer than those connected with 
®tl\er sjpinal nerves, in consequence of the position of the lumbar sympathetic 
^^glia on the fore part of the bodies of the vertebrae. In the same situation 
stuall twigs are furnished to the quadratus lumborum muscle from the first and, 
*^^etimes, the second nerve, and to the psoas from the secbnd and third nerves. 
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The lombar plexns is formed bj the anterior primaiy dirisious of the nppcr four 
lumbar nerves. It is plHced in the enbatance of the p«o&3 mnscle, in fhint oC the 
transverse processes of the corresponding vertebra. Above, the plexns is narroir, _ 
and is uBuallj connected with the last dorsal nerve by a small offset from that nerve, .^ 

Pig. 20J._DUU«»« l.r TH« LCM 
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DXII, tbe Jirided roots of the Uit d< 
nerve ; LI, to V, th« rools of tbe Bt^b 
lambir uerres ; tba loops nniting the ul- 
terior priiD>i7 dirinons of theae nem^Bc 
together, *iid the first with the twelftl^ 
tlorenl, are ihovn ; SI, to V, ud CI, thv 
aacni and coccygeal nervee ; p, placed oe^ 
FOme uf the nerves, nmrks the postcrio- -^ 
pririary divisions cut short ; p, p', tk" j 
lileiiis formed bj the anion of the postcrio^aa 
branches of the thinl, foarth, and fifth saci^E 
and the coccygeal nerves ; d, anterior divi^r 
sion of the last doraal uorre, fnim vhicr = 
({' the lalenil cutaneoDs bnnch arian ; 1,1' 
ilio-bypogaxtric nerve, dividing into ita tv^a 
branches ; the ilio-inguinal nerve ia aee^^ 



belov tbts. 



without 



cnml : 2', external cnlsneous of the thigl^^E^j 

^l, branches to qaadratns tumbDram : f « 

branuhes to the psoas muscle ; cr, anIeriB~ _« 
cruial nerve: iV, branches to the iliacua^^aa; 
<i6, oblnratornerve j gt', acceawryobtnrato t; 
IV', V, loop from tlie fourth and fif It 

lumbar, forming tbe lumbo-eacral eon^^^al ; 

3, snperiar gluteal nerve ; ir, great acia tic 

nerve, contjnaed from the ucral pleki^^^u ; 
A, small eciatic nerve riiinx from tbe ple^^^in 
posteriori; ; 1'. inferior ghiteal nerve ; a. 

inferior pudendal ; 5', posterior cataneons of 

the thigh and leg ; It, 6, branch to ^^^e 

obtnnitor intemua and gemellus superic ir: 

U', 6', brancli to the gemellus infer^K_ <". 
quadratusfemorisand hip-joint ; 7, twig^^^V: 
Ihe pjrifarmia; 8, pndic nerve; 9, liiii "I 

braliehea ; 9', twig to the levator ani ; ^31, 
perforating cntaneone aerre ; 11, coccj^^E<*' 
branches. 

named dorio-lumbar ; below, it 
wider, and is joined to the sai; ':'>' 
plexus by means of a branch pasaf '^l 
from the fourth lumbar nerve to t^e 
fifth. 

The nerves entering the lnmE^*v 
plexus do not form an interln ^^ 
mcnt as in the brachial plexus but the several nenes of distribntion proceed* 'f 
from tbe plexus for the most port arise by two or more roots from a cor-»^ 
Bponding number of spinal nerves so as to produce the appearance of a seri^ 
of loops The usual arrangement may be thus stated : — The first lumbar ner**. 
bftving been joined by the branch from the last dorsal, gives off the \Vo- 
hypogastric and ilio-inguinal nerves, and sends downwards a commnuicatln; 
braoeh to the second nerve The fibres of the doiso-Iumbar cord enter chiefly 
the ilto-hypogastno nerve but some may pass also to the iHo-inguinal. Tk 
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iescending branch of the first nerve contributes to the genito-crural, often 
jO the anterior crural, and occasionally to the obturator nerve. The second 
lumbar nerve famishes the greater parb of the genito-craral and external cutaneous 
aerves, and gives a connecting branch to the third, from which some of the 
fibi"es of the anterior crural and obturator nerves are derived. From the third 
aerve three branches proceed ; the largest part enters the anterior craral nerve ; a 
small branch, dorsallj placed, joins the external cutaneous ; and the third, arising 
from the ventral aspect of the trunk, passes to the obturator nerve. The fourth 
aerve also gives three branches, of which the anterior and posterior serve to 
complete the obturator and anterior craral nerves respectively, while the third, 
placed below the others, descends to join the fifth lumbar nerve, thus forming the 
lumbosacral cord, which enters into the sacral plexus. 

The BRANCHES of the lumbar plexas form two sets, which are distributed, one to 
the lower part of the wall of the abdomen, the other to the fore part and inner side 
of the lower limb. In the former set are the ilio-hypogastric and ilio-inguinal 
nerves, and part of the genito-crural ; and to the latter belong the remaining part 
of the genito-crural nerve, the external cutaneous, the obturator, and the anterior 
crural nerves. 



Varietiea of tlie liunbar plexus. — In the normal condition, the first three lumbar nerves 
enler wholly into the lambar plexus, and the fifth lumbar nerve into the sacral plexus, while 
the fourth — the nervun furcalis of v. Jheringf — is divided between the two plexuses. The 
proportion of the fourth nerve, which descends to the sacral plexus, is normally less than one- 
iialf, but it varies in different cases from one-twentieth to nine-tenths (Eisler). When the 
sacral division of this nerve is very lar^e it may be joined by a branch from the third lumbar 
nerve ; and conversely, when the sacral division of the fourth nerve is very small, the fifth 
lumbar nerve may send an offset to the lumbar plexus, where it contributes to the formation 
of the anterior crural and obturator nerves, or, perhaps, only to the former. In these cases 
there are, therefore, two f ureal nerves, viz., 3 1 and 4 Z, or 4 2 and 5 1 respectively. Farther, the 
«acral branch of the fourth lumbar nerve may be wanting, and then the fifth lumbar is the 
sole furcal nerve. A series may thus be traced in which the furcal nerves are progressively, 
from above downwards, 3 and 4 Z, 4 Z, 4 and 5 Z, and 5 Z. At the same time, the nerves given off to 
the limb from the lumbar and sacral plexuses are found to vary in their origin to some extent, 
having a tendency to arise higher or lower, according to the position of the furcal nerve or 
nerves. In the slighter degrees of variation this is shown by a difference in the size of the 
contributing roots, so that a given trunk will derive a larger share of its fibres from an upper, 
and a smaller share from a lower spinal nerve, or vice verm ; but in the more marked degrees 
the origin may be shifted upwards or downwards to the extent of one spinal nerve. There 
are thus to be distinguished two exti'eme forms of 'plexus (fig. 205), which may be called hi{ih 
and low (the " anterior " and ^* posterior " forms of Langley, " prefixed ^ and " postfixed types " 
of Sherrington), and between which the normal or average plexus is placed, as is shown, for 
the lumbar plexus only, in the following table, wherein the order of the nerves in each case 
indicates the size of the roots in descending series, and the roots enclosed in parentheses are 
inconstant : — 



External cataneons 
Obturator 

Anterior crural ... 
Furcal nerves 



High form. 



Normal fonn. 



2,(1)Z 
3. 2, 4, 1 Z 
(very rarely 3, 2, 1 Z) 
3, 2, 4, IZ, (12 d) 
3 and 4 Z 
(or 4 Z with large sacral division) 



2, 3Z 

3, 4, 2 Z 

4, 3, 2, 1 Z 

4Z 



Low form. 



3, 2Z 

4, 3, 6, 2Z 

4, 3, 5, 2Z 
4 and 5 Z, or 5 Z 



Forms intermediate to these also occur : and the relations of the several offsets of the 
plexus to one another sometimes vary to a limited extent : that is, one nerve may have a high 
origin, while the others belong to the normal form, or vice versa. Variations are more 
frequent and extensive in the downward direction than the opposite. In some instances the 
extreme forms are associated with irregularities of the vertebral column (see VoL II, p. 12), 
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luw ti'iui k<Jr (Omiiib witli an addidonal morcAble Tertebn, and the hi^h form with ■SBiml' 
nu I.-I! ttiw linii lumbar vetebni to the owram, but this is not always the case. Tlie upper 
v i,alWls iif the lombar plexus, not being true limb-nerves, do not vary so mucli in ^eir 




Fig. 205. — ExTBni roan or ldmbir awd ucbal plixusrs. (From Eiil«r.) 
A- Hi^h form of pkxDi : Teotnl upect From & subject in wbish the fifth lambar Tcrtebn vur- 

auiniilateil lo tbc ucrnm, and articulated od both aides vith the ilium. 

R Low form of plexiu : dorsal aspect. Praia a Bobject in which tber« were thiiteen donal and. 

eTclBmUrTertebnc. 

orifiin. althonirh thev also are aSect«d at times by tbe general form of the plexus : on the 
other hand, it ma; happen with a low form of plexus that the ilio-hjpogastric and ilio- 
intrninal nerres receive an additional root from the twelfth dorsal (Paterson). (J. X. Lang-lej' 
(lombar pleiu» of cat). Jonm. Pbys., lii, 349, it, 210, and ivii, 296 ; C. S. Sherrinpton (cat and 
monkey). Jonm. Phys.. liii, 6.19 ; P. Eisler, " Der Flems lumboeactalia des Menschen." 
HaUe. 1K92 : A. M. Paterson, "The Origin and Distribntion of the Nerves to the Lower Limb," 
Jonm. Anat.. xxviii. ni), 

CioJijpoCftstrio uid ilio-inffiuiutl sarres. — These nerves are tlie tipper 
tvo brancheE of the iDmbar plexus. They are both derived mainly from the firet 
lamhar nene. and have a nearly similar course and distribution, corresponding 
together to the anterior (intercostal) division of a dorsal nerre. They pnEs 
forwards between and throngh the broad rnDscles of the abdomen, fumi^ a 
lateral cntaneous branch to the iotegnment of tlie hip, and becoming aobCDtaneons 
anteriorly, end in the integnment of the lowest part of the abdomen and scrotum in 
> male, or labium pudeudi in the female, as well as the adjacent part of the 
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The extent of diBtribation of the one is inversely proportional to that of the 

The ilio-hypogastric nerve, the highest and largest of the branches proceed- 
from the first lumbar nerve, osnallj receives fibres also from the last dorsal 
through the dorso-lumbar cord. Issuing from the upper part of the psoas 
at the outer border, it runs obliquely over the quadratus lumborum to the 
i I i<%c; crest, and there perforating the transverse muscle of the abdomen, gets between 
bbsi.t' muscle and the internal oblique, and divides into an iliac and a hypogastric 
inch. 

i^a) The iliac branch (ramus cutanens lateralis) pierces the internal oblique 

le, and then emerges through the external oblique close to the iliac crest about 

junction of its middle and anterior thirds, to be distributed to the integument 

r the gluteus medius and tensor vaginae femoris muscles. 

^h) The hypogastric or abdominal branch passes on between the transversalis and 

ixit^^mal oblique muscles, to both of which it supplies twigs, and is connected with 

ilio-inguinal nerve near the iliac crest. It then perforates the interaal oblique 

, and, piercing the aponeurosis of the external oblique a little above the 

extremal abdominal ring, is distributed to the skin of the abdomen above the pubis 

Cr-. cutaneits ani^iar), 

"\rarletle*. — The ilio-hypogastric nerve is occasionally derived from the last dorsal, and it 

xn&y even receive a root from the eleventh dorsal nerve (fig. 205, A). The iliac branch varies 

in sue inversely with the lateral oataneons of the twelfth dorsal, and it is sometimes altogether 

"waxxting. The hypogastric branch is not nnfreqnently joined with the last dorsal nerve 

beb-wreen the muscles. In some cases this branch supplies the pyramidalis muscle. 

7hc ilio-ingninal nervoy smaller than the preceding, is also derived from the 
first lumbar nerve, and sometimes receives an accession from the dorso-lumbar cord. 
Appearing from beneath the outer border of the psoas muscle below the ilio-hypo- 
gastric nerve, it is directed obliquely downwards and outwards over the quadratus 
lumborum and iliacus to the fore part of the iliac crest, where it perforates the 
transversalis, and communicates with the ilio-hypogastric nerve between the 
mnscles. Then piercing the internal oblique muscle, it descends in the inguinal 
^^*^al, and emerging at the external abdominal ring on the outer side of the 
'P^rmatic cord, divides into branches which are distributed to the skin of the pubic 
'^g'ion and root of the penis and scrotum in the male, or labium pudendi in the 
^Qciale (nn. scrotales s, labiales anterior es), and of the adjacent upper and inner 
P*'^ of the thigh. In its progress this nerve may furnish branches to the internal 
ooliq^g and transversalis muscles. 

, r^^xietles. — ^The ilio-hypogastric and ilio-inguinal nerves often arise by a common trunk, 
^^^li divides after perforating the transversalis muscle. The ilio-inguinal nerve is occasion- 
^. ^ <ieriveAfrom the last dorsal nerve (fig. 205, A). On the other hand, it may spring from 
J. ^. ^Oop between the first and second lumbar nerves, or even entirely from the latter nerve. 

V f'^ Bometimes small, and ends near the iliac crest by joining the ilio-h3rpogfa8tric nei-ve, 
.i.^^H. in that case gives off an inguinal branch having a similar course and distribution to the 
^"/■iipuinal nerve. The ilio-inguinal nerve may be absent, its place being taken by the 
I^T^^ '^l, rarely by the crural, branch of the genito-crural. In some cases the nerve has an 
g^f^ Or lateral branch, which is distributed to the skin in the neighbourhood of the anterior 

^^^or iliac spine. The ilio-inguinal nerve may also replace to a greater or less extent the 
^t^l branch of the genito-crural, or (very rarely) the external cutaneous nerve (M. GriflBn). 



nerv0. — The genito-crural nerve (w. genitofemoralis) belongs 

P ^tily to the external genital organs and partly to the thigh. It is derived chiefly 

'^^^ the second lumbar nerve, but receives also a few fibres from the connecting 

^^ between that and the first nerve. The nerve descends obliquely through the 

*^^^*^ muscle, from which it emerges near the inner border, about on a level with 
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the due betnees the third sDd foonh lombar vertebrs, snd then iTtng on the fascia 
covering the anterior snrface of that' muscle divides at a variable height into an 
internal or genital, and an c^ttemal or cmral branch. It often bifarcates close to 




(Prom Sippej, ifter Hincbfeld ud Ureilli.) } 
1, lumbar put of the sjinpaUietic cord ; 3, 2', anterior primary iltrision of tlie twelftli donalnerr^' 
3, lirst Ininbar ; 4, *', ilio-h) pngaBtrio branch of thU nerre : 5, 5', ilio-ingiilnal branch ; 6, seoo- "^ 
luml«r nerve; 7, 7', gen ito-c rural nerye ; 8, 8', external cotaneoiu nerre of the thigh; 9, th»- 
lumhar Dorvs ; 10, fourth : II, fifth ; 12, lumbo-sacial coed ; 13, iliac branch of the ilio-hypogiutr*- ' 
14, its abdominal branch ; 1.^, iljo-inguinal nerre ; IS, eitemal cntaneoni nerve of the right aide pasak- - 
out of the abtiomen nniler ^'out^l^l'^ ligament ; 17, 17, 17, cutaneona ramifications of this nen — __^ 
IT, the mine nerve eipoaed on the left side ; 18, 18', geniUl litanch of the genito-cmral : 19, 19. -^^ 
vriunl branch on the right Hide ; 19', the same on the left sidceipoBed aa it descends in front of the femo^^ 
artery ; 20, 2U', anterii-r crura! nerve ; 21, 21', obturator nerve ; 22, left aacral pleiuj ; 23, aor"^ 
pleiuB of the Bympathetic, connected with the other preaortic plexuaea and the lumbu' ganglia. 

its origin from the plexus, in which case its two branches perforate the 
mnscle in different places. 

{a) The genital branch {n. spermalicus fAemiia) lies npon or near the extern 
iliac artery, aud sends a filament along that vessel ; then perforating the tran 
versalis fascia (or paaaing through the deep abdominal ring) it traverses tl 
JDgninal canal with the spermatic cord, supplies the cremaster muscle, and seD< 
filaments to the skin of the scrotum and adjoining corner of the thigh, ff^ ^ 
the female it accompanies the round ligament of the uterus to the skin of tlr^- 
groin. 

(6) The erural branch (n. lumbomguinalUi) descends npon the psoas musc:*'^ 
beneath Poupart's ligament into the thigh. Immediately below that ligament, vxm-- 
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^t the oater side of the femoral artery, it piepoes the fascia lata, and supplies the 
filcin on the upper part of the thigh, communioating with the middle cutaneous 
branch of the anterior crural nerve. While it is passing beneath Poupart's 
ligament, some filaments are prolonged from this nerve on the femoral artery. 

Varletlea. — The two divisioiiB of the genito-cniral nerve often arise independently from 

-Cbe lumbar plexus (fig. 205). The genital branch is occasionally derived from the last dorsal 

£axid first lumbar nerves (fig. 205, A). Either branch may proceed wholly from the first or the 

oo cond lumbar nerve (fig. 205, B). Absence of either division, or more rarely of the whole 

nerve, may occur : in such cases the fibres usually forming the genital branch are associated 

^nrith the ilio-inguinal nerve, and those belonging to the crural division with the external 

ontaneons or anterior crural nerve. Conversely, the genital branch may reinforce or replace 

tlxe ilio-inguinal nerve, and the crural branch the external or middle cutaneous. The genital 

l>zsn.ch often gives filaments to the lower fibres of the internal oblique and transversalia 

muscles. 



cutaneoiM nerve. — This nerve (n. cutaneus femoris lateralis), 
arising from the second and third lumbar neVves, emerges from the outer 
border of the psoas muscle, and crosses the iliacus below the ilio-inguinal nerve, 
wliexe it is placed beneath the iliac fascia. It passes under Poupart's ligament, 
and centers the thigh immediately below the anterior superior iliac spine, where it 
divides into an anterior and a posterior branch distributed to the integument of the 
outer side of the hip and thigh (fig. 208, 1). 

(a) The posterior branch perforates the fascia lata and subdivides into two or 
^hree others, which turn backwards and supply the skin upon the outer surface of 
^•he limb, from the upper border of the hip-bone nearly to the middle of the thigh. 
^he highest among them are crossed by the cutaneous branches from the last dorsal 
nerve. 

C^b) The anterior branch, the continuation of the nerve, is at first contained in a 

canal formed in the substance of the fascia lata ; but, about four inches beloW 

■^ciupart's ligament, it enters the subcutaneous fatty tissue, and is distributed along 

^t^e outer part of the front of the thigh, ending near the knee. The principal offsets 

^pJ^ng from its outer side. In some cases, this branch reaches quite down to the 

*^iie^, and takes part there in the formation of the patellar plexus. 

[^T'arleties. — In the normal form of lumbar plexus the external cutaneous nerve is derived 
ily from the second lumbar nerve, and receives only a small root from the third. In the 

^ . form of plexus it arises entirely from the second lumbar nerve, or from the second and 

^^^^"t ; while in the low form its chief root is furnished by the third nerve. The external 

j^^-^neous nerve often accompanies, or is united with, the anterior crural trunk to below 

'^^^^;j>art'8 ligament. The posterior branch is sometimes replaced by an oSset of the genito- 

v/*'^^^^^ nerve. In one instance the place of the external cutaneous nerve was taken by a 

*^^*Xch of the ilio-inguinal (M. Griffin). 

, ^btnrator nerve. — The obturator nerve arises from the lumbar plexus generally 

^ tihree roots, which proceed from the second, third and fourth lumbar nerves, and 
^^ "^hich that from the third is the largest, while the root from the second nerve is 

^^"^n very small. Having emerged from the inner border of the psoas muscle, 

^l^t>^Dsite to the brim of the pelvis, it runs along the side of the pelvic cavity, above 

^^ obturator vessels, as far as the opening in the upper part of the thyroid foramen, 

. ^^Ciugh which it escapes from the pelvis into the thigh. In the foramen, it divides 

^^^o an anterior and a posterior branch, which are separated from one another by 
^^^^e fibres of the obturator extemus, and lower down by the short adductor 

^^^cle. 

A. The anterior or superficial portion communicates with the accessory obturator 

*^^^ve, when this is present, and descends over the upper border of the obturator 
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vnvt'Ji ac-i ID front of ihe adductor brevis, bat i>t;biiid the pectinens and adductor 
It'i^-a* iLi.'?.;;^. It zives hniDclies a* f-.-iLfwa : — 

u Aq anietiHir binnrii to the hip-joint arise in the thrroid foramen. 
^ Jtiutru.ar branfkft are ^ven to the gracilis and addDctor iongiu muBcIes, and 
psorr»;> ajij to the addactor brevis. 

' The terminal tirig turns outwards npon the fetsond artery, and BOTTonndB 
UAt T'^^^hi vi:h fmall fiUnieiii^. 

■i An viT*et at trie lower lx>nler of the adductor longns ootmnanicatea beneath 
•-be »n.,{it3 with the interaal c-ntaoeous branch of the anterior crnral nerve, and 
wr.:. a r.rar.tri of the iniemal sapbeD"U3 nerve, fonuiug a sort of plems. 

B. T:.-: j*MifTif/r or lifii pari of the obturator uene, having perforated the upper 




Fig.i 



Ts iiarca. (Slightly 

iDmbonim miucle ; c 
cat Ota the crest of 
■dd actor 



bnTB mn^-lr : /, («iimo> JLti.leil »nd ti 

•arJc y. ■•Iiiunor loo^-ai : 1. ilio-bipDga«lric Dcrre ; 

2, ijLo-ingutii^ : 3, eitenul mtAueous ; i, Anterior 

viih Uit amracii^ bi ■ lr»p tvudiJ the piilj» ; T, genite- 
cmnl in tvo bno-ba col iborl nemr their ari^nn : 
». S. laoilar i«mi>o ot tbe gwiglUted ajmiathFtk 

Iil>res of the obtuntor extern qb moBcle, 
crosses behiud the short addnct^jr to the fore 
part of the adductor magnns, where it divides 
into several branches, all of which end in 
those muscles, excepting one which ia pro- 
longed downwards to the knee-joint. 

(a) The mxitaiiar Vranehea supply the^ 
exteruul obturator and the great adductor 
DiuGcle, with the short adductor also whe-n 
this muscle receives no braticb from tbe 
anterior division of the nerve. 

{b) The arlieiilar branch for the krxe« 
rests at fitat on the adductor magnua, t»txt 
perforates the lower fibres of that muscle 
and thus leachee the upper part of t-ttc 
popliteal space. Supported by the popliteal artery, and sending filaments aronzK^ 
that vessel, the nerve then descends to the back of the knee-joint, and enters fclie 
articulation through the posterior ligament. This branch is olten wanting. 

VulMlas.— The obtnnttor nerve MnDetimee has an additional root from the fint or **•• 
Ofth lambar oerve. Id eitrenie rases o( tbe biKb form of the plexiu it may ariae from iJ*^ 
opper three lambar uerree. The root from the wcond oerre U rarely wanting (Eieler). ^' 
occaaioDBlly ^ves a branch to the pe^tineua moscle. A branch to the obturator iDtemos ^^ 
described by Eran^e. Eialer tiaced fiJamenta to the oUnrator artery and the perioetenm "" 
tbe back of the pabia. 

Oooaaianal ontanaotia narva. — In Kime instance? the commnnicatinfc branch describe'' 
aboTe ■« lanrer than Oinal. and deecrade alonir the posterior bottler of the lartorins to tt>^ 
inner fide of the knee, where it perfoiatea the fasda. commnnicatea with the int«rO*^ 
npbenoQs nerre, and extends down the inner iqde of the limb, rapplying tbe skin a 
the middle of the 1^. 

When this cntaneons biancb of the obtniator nerve i> present, the internal cntanet"*' 
bnuich of the anterior cmial oerve is small, the site of the two norrea bearing an invert 
propartion to each other. 
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Accessory obturator nerve. — This slender nerve is present in one out of every three or 

. four bodies (29 per cent., Eisler). It arises from the third and fourth lumbar nerves (rarely 

abo from the fifth, sometimes only from the third), between the roots of the obturator and 

anterior crural nerves, bein^ associated at its orig-in more closely with the latter, but it is often 

bound up for a short distance with the obturator nerve, of which it then appears to be a 

branch. It descends beneath the iliac fascia aloug the inner border of the psoas muscle, 

crosses over the superior ramus of the pubis, and passing: behind the pectineus muscle, ends by 

dividing: into branches. Of these, one joins the superficial part of the obturator nerve ; another 

enters the pectineus on its under surface ; and a third passes to the hip-joint Through the 

communication with the obturator nerve fibres may also pass to the adductor longus, gracilis, 

and adductor brevis muscles, rarely to the skin of the inner side of the thigh. The accessory 

nerve is sometimes very small, and ends in filaments which perforate the capsule of the joint. 

(See A. M. Paterson, **The pectineus muscle and its nerve-supply," Joum. Anat., xxvi, 1891, 

and oj). cit. «., Joum. Anat., xxviii, 95 ; P. Eisler, "Der Plexus lumbosacralis," 1892). 

Summary. — The obturator nerre and accessory obturator supply the three 
adductor muscles of the thi^h, with the gracilis and obturator extemus, and in 
Bome cases, the pectineus. They also give branches to the hip and knee-joints ; and 
occasionally a cutaneous branch descends to the inner side of the thigh, and to the 
inner and upper part of the leg. 

Anterior crural or femoral nerve. — This, the largest nerve arising from 
the lumbar plexus, is derived principally from the third and fourth lumbar nerves, 
but in part also from the second and first. Emerging from the outer border of the 
peoas muscle near its lower part, it descends into the thigh in the groove between 
[ that muscle and the iliacus, and therefore to the outer side of the femoral blood- 
vessels. Below Poupart's ligament, the nerve becomes flattened out and divides into 
two parts, one of which is mainly cutaneous, while the other is distributed for the 
Qiost part to muscles. 

A. Branches in the trunk. — The branches given from the anterior crural nerve 
within the abdomen are few and of small size. 

(a) The iliacus receives three or four small branches (2, 3 /), which are directed 
outwards from the nerve to the muscle. 

(b) The nerve of the femoral artery is a small branch which divides into numerous 

^ments upon the upper part of that vessel. It sometimes arises lower down than 

•^SQal, in the thigh. It may, on the other hand, be found to take origin above the 

ordinary position from the third lumbar nerve. Beck and Rauber describe 

^ment passing from this nerve, in company with the medullary artery, to the 

^«inur. 

B. Terminal branches, — From the principal or terminal divisions of the nerve 
^he remaining branches take their rise as follows. 

From the siqmficial or anterior division cutaneous branches are given to the 
fore part of the thigh, and to the inner side of the leg ; they are the middle and 
Eternal cutaneous nerves. Two muscles, the sartorius and the pectineus, receive 
^heir nerves from this group. 

From the deep or posterior division branches proceed to supply the extensor 
Muscle of the knee, and also one cutaneous nerve, the internal saphenous. 

(o) Middle cutaneous nerve, — The middle cutaneous nerve ( 2, 3 Z) either pierces the 

taacia lata in two parts about tour inches below Poupart's ligament, or as one trunk 

^bich soon divides into two branches. These branches descend on the fore part of 

the thigh to the front and inner side of the patella. After or before the nerve has 

^me subcutaneous, it communicates with the crural branch of the genito-crural 

lerve, and also with the internal cutaneous. 

This nerve, or the outermost of its branches, frequently pierces the upper part of 
the sartorius muscle. 

(^) Internal cutaneous nerve. — The internal cutaneous nerve (2, 3 /) gives branchef^ 

X 2 
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to the Bkin on the inner side of the thigh, and the upper pan of the leg ; bnt the 
extent to which it resclies varies with the presence or abeence of the " occasional 
CQtaneons " brunch of the obtarator nerve. 

Lying beneath the fascia lata, this nerve descends obliquely over the upper part- 
of the femoral artery. It divideB either in front of that vessel, or at the inner side, 
into two branches (one anterior, the other poaterior), which pierce the fascia 
separately. Before dividing, this nerve gives off two or three cntaneons twigs, 
which accompany the npper part of the long saphenous vein. The highest of theae 
perforates the fascia near the saphenons opening, and reaches down to the middle of 



Pig. 208.— CCTA»»0D« ITMTB Or ' 

PiBT or THI TBisH. {From Sappey, &fur Uinchfeld uwl 

LsTeiU^.) 1 
I, eilemal eaUoeoiu nerre ; 2, 3. mid'lle cutaneoiu, t)>^ 
outer one iia«mg throngh the bartorioji muecle ; 4| filament to t^^ 
nrtoHDB ; 5, intern*! cuUDCOiiB Derre ; 6, its anterior divi«ioa ; 
7, oae of its opper bnndieg ; 8, ■ cutRoeoiu twig from tl>« 
nene to the pectinem ; 9, (Mtellar bnnch of tbe intem^nJ 
nphenous nerie ; 10, contiDiution of the nphenooi lo tlio leg. 

the thigh. Another, lai^er than the rest, paB»^» 
through the fascia abont the middle of the thigh, aiZK. d 
extends to the knee. In some instances, these sni^^ll 
branches spring directly from the anterior crusr-al 
nerve ; and one branch is frequently given off frc»:ia 
the nerve to the pectineos, joining in a loop on 1^ li< 
inner aide of the femoral artery with a branch.passi Kig 
in front of that veaael (fig. 208, 8 ; 209, 7). 

The anterior branch, descending in a straight H iM 
to the knee, perforates tbe fascia lata in the lo^cer 
part of the thigh ; it afterwards mns down near ^be 
t«ndoQ of the adductor magnns, giving off filaments 
on ench side to the skin, and is finally directed o'ver 
the patella to the outer side of the knee. It com- 
manioatea above the joint with a branch of the 100$ 
saphenous nerve ; and sometimes it takes the place of 
the branch usually given by the latter to the integn- 
ment over the patella. 

The posterior or inner branch of the internal 
cntaneous nerve, descending along the posterior 
border of the sarti>rins muscle, perforates the fascii 
lata at the inner aide of the knee, and communicate! 
by a small branch with the internal sapheDOU 
nerve, which here descends in front of it. It gives some cutaneoua filaments t« the 
lower part of the thigh on tbe inner side, and is diatribnted to the skin upon the 
inner side of the calf. While beneath the fascia, this branch of the intemil 
CutanenuH nerve joins in an interlacement with offsets of the obturator and intermi 
saphenous nerves below the middle of the thigh; and in the leg it commnniciU«c 
again with branches of the saphenous nerve. 

(c) The branch lo the pectineva (2, At) ia uanaily associated at its origin with the 
internal cutaneous nerve. It crosses inwards behind the femoral vessels, and enl^n 
the muscle on its ant«rior aspect : this branch is occasionally double. 

(rf) The gartorim muscle receives two or three twigs (2, 3/) which arise in 
vith the middle cutaneous nerve, and enter the upper part of tJie muscle. 
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(e) The bratKh to the recttu femoris (8, 4 1) enters the posterior aurface of its 
muscle : from this nerve, tuid from some of the other muscular branches, twigs are 
sent, in company with a branch of the external circumflex artery, to the hip-joint. 

(/) The nerve to the vastm extemua (3, 4 1), of considerable size, descends with 
a lai^ branch of the external circnmflex artery along the anterior border of the 
muscle, and sends a filament to the knee-joint. 

(g) Two or three branches (3, 4 ?) penetrate the crweua muscle on ita anterior 
snrfaoe, and from the moat internal of these a filament can be traced, under cover of 
the anterior border of the vastus internua mnscle, to the subcrureus, the periosteum 
of the lower end of the femur, and the synovial membrane of the knee-joint. 

Fig. 20».— Deep hirtu of thi iitTiHioH iitd irneb paht or 

!■■ tHioH. (Prom Sapper, •''«' Hiischfald •nd Layeille.) J 

1, interior erurot nerre ; 2, bnDchea to Uis ilUcas muBcle ; 

i, bnuch to the lower part of the psou ; i, JDtenial and middle 

cabuwoin Denes, diiuled to show the deeper Iinnchea : 5, 6, 

otn'M to the pactineua ; 7, cutaneooi Gliment from tlie last ; 8, 

pMterior bnncli of the internal calaneoui none ; li, btanch to the 

nctiu: 10, bntnch to the vaata* eitemas ; 11, branch to the 

■utna intemns ; 12, internal aaphenouB nerve : 13, its patellar 

lirnDch : 14, ita coDtinuutiiin to the 1^ ; IS, obturator Der'e ; Id, 

traacli to the addnctot longns; IT, branch to the adductor hrerii ; 

18, bnoch to the gracilis ; from this a filnment ia prolonged 

itomirardi, le onite with the pleiua formed bf the union of 

''nuichea bvm the internal cutaneoui and internal aaphenona 

Derrce ; 19, deep bnmch of the obturator nerie to the adductor 

■■■■Kiiiu ; 20, lumbo-sacral oord ; 21, ita union with the 6rtt sacral 

iKrv© ; 22, 22, lumbar and sacTsI part* of the aympatheUc nerTO ; 

(A) The nerve of the vaitui mternug (3, 4 runs 
a»wnwarda with the internal saphenous nerve beneath 
the aponeurosis covering the femoral vessels, giving 
wveral branches to the upper part of its mnscle ; it 
filters the latter about the middle of the ihigh, and 
fruix its lower end a considerable twig is continued 
^ the knee-joint, in company with the deep branch 
'^f tlie anastomotic artery. 

(0 Internal taphenam nerve. — The internal or 
loog saphenons (3, 4 /) is the lai^est of the branches of 
^^ anterior crural nerve. It is deeply placed as far as 
the knee, but is subcutaneous in the rest of its extent. 
In the thigh, it accompanies the femoral vessels, 
'jiDg at first to their oater side, but lower down 
P"*<iaally crossing over the artery, and passing 
'^Kteath the same aponenrosis. When the vessels 
I|^«a through the opening in the adductor magnns muscle into the popliteal space, 
"^^ saphenous nerve separates from them, and is continued beneath the sartorins 
jKciacle to the inner side of the knee ; here, having first given off, as it lies near the 
■ntt^P condyle of the femur, a branch which is distributed over the front of the pateUa, 
"■ becomes anbcutaneous by piercing the fascia at the lower border of the sartorius. 

The nerve then accompanies the saphenous vein along the inner side of the leg, 
><id, passing in front of the inner ankle, terminates on the inner side of the meta- 
^'"ail rpgion of the foot. In the leg it is connected with the posterior branch of the 
^iitemal cutaneous nerve. 

The distribntion of its branches is as follows : — 

A cmnmumeatmg branch is given off about the middle of the thigh to join in the 




^ 
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iDCeriacement formed beneath the sartorins hv this nerve and branches of t 
obc orator and internal cataneoos nerves. 

The patellar branch perforates the sartorios muscle and the fascia lata, a 
spreads oot over the front of the knee, where it forms, bv uniting with branches 
the internal and middle (sometimes also the external) cntaneons nerves, a plei 
named the jmtellar plexus, 

Numerons branches are given off from the nerve to the skin of the leg, and t 
larger of these turn forwards over the anterior border of the tibia. Its termi 
offsets on the inner side of the foot communicate with branches of the muscul 
cutaneous nerve. 

Vanetieft. — In the high form of plexus the anterior cmrml maj receive fibres from t "he 
biat dorsal nenre. in the low form from the fifth lumbar, the root at the opposite end of t— ~he 
plexus beinor corre«pondinorlr redoced. The nerre has been seen entering the thigh betwe=sen 
the femoral artery and vein (Dnbrueil). The seTeral branches of the middle, or of 
intemaL cutaneous nerve frequently ari^e independentlv from the anterior croral. The midc 
or internal cutaneous nerve sometimes leaves the trunk of the anterior crural at a higher le' 
than usual, within the abdomen. The posterior branch of the internal cutaneous is sometiic 





very small or absent, its place bein<r supplied by the obturator or the internal saphenous nei 
The anterior crural occasionally gives off the external cutaneous nerve of the thigh. 1^ 
internal saphenous nerve has been seen ending at the knee, its place in the leg being taken by 

a branch of the internal popliteal nerve (G. H. Meyer). The patellar branch has b< tn 

observed arising from the nerve to the vastus intemus (Guy's Hosp. Reports, 3rd ser., xvi. 1(^^ 1}. 
The internal saphenous rarely furnishes the internal dorsal digital nerve of the great t. ^oe. 
Branches of the anterior crural nerve to the tensor vaginae femoris and adductor longas ^^3ue 
described by several anatomists. Arthur Thomson found a branch parsing behind the femc^^xal 
vessels to join the accessory obturator nerve and supply in part the latter muscle ( Joum. An.^^t.. 
xix, 331). 

Sliimary. — ^The anterior crural nerve is distributed to the skin upon the f^ore 
part and inner side of the thigh, commencing below the termination of the iH. io- 
inguinal and genito-crural nerves. It furnishes also a cutaneous nerve to the in ^aaer 
side of the leg and foot. All the muscles on the front of the thigh receive tlr:m.eir 
nerves from the anterior crural, and the iliacus and.pectineus are also supplied br 
this nerve. Lastly, branches are given from the anterior crural nerve to the femd^^ral 
artery, to the thigh-bone, and to the hip and knee-joints. 



The anterior branch of the fifth lumbar nerve, having received a fasciculos from 
the nerve next above it, descends to join the first sacral nerve, and forms part of the 
sacral plexus. The trunk resulting from the union of the fifth with a part of the 
fourth nerve is named the lumbosacral cord, and gives origin to the greater part of 
the superior gluteal nerve. 



SACRAL An OOCCreSAL VXRYS8. I ^r 



The anterior divisions of the first four sacral nerves emerge from the spinal canal 
by the anterior sacral foramina, and the fifth passes fomards between the sacmmand 
coccvx. 

The first two sacral nerves are large, and of nearly equal size ; the others diminisl) 
rapidly, and the fifth is exceedingly slender. Like the anterior divisions of the 
other spinal nerves, those of the sacral nerves communicate with the sympathetic : 
the communicating cords are very short, as the sympathetic ganglia are close to the 
inner margin of the foramina of the sacrum. 

The first three nerves and part of the fourth contribute to form the sacral plexus. 
The fifth has no share in the plexus, — ^it ends on the back of the coccyx. As the 
description of the fourth and fifth sacral nerves and of the coccygeal will oocopj 
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THE FOURTH AND FIFTH SACRAL NERVES. 8JJ3 

onlj a short space, these three nerves may be noticed first, before the other nerves 
and the numerous branches to vrhioh they give rise are described. 

FOURTH BAORAIj NBRVS. 

Only one part of the auterior division of this nerve joins the sacral plexus ; the 
remainder, which is more than half the nerve, supplies branches to the viscera and 
muscles of the pelvis, and sends downwards a connecting filament to the fifth 
nerve. 

(a) The visceral branches of the fourth sacral nerve are directed forwards to the 
lower part of the bladder, and communicate freely with branches from the sympa- 
thetic nerve. Offsets are distributed to the neighbouring viscera, according to the 
sex (wn. hcemorrhoidales medii ; nn, vesicaJes inferiores ; nn, vafjinales). They will 
be described with the pelvic portion of the sympathetic nerve. These branches are 
asBO'jiated with others proceeding from the third sacral nerve, and they are some- 
times derived mainly from the latter nerve. Sometimes filaments are added from 
the second sacral nerve. 

{h) Of the muscular branches, one supplies the l^ator ani, piercing that muscle 
on its pelvic surface ; another enters the coccygem ; while a third {hmmorrhoidal or 
perineal branch) ends in the external sphincter muscle of the anus. The last branch, 
after passing either through the coccygeus, or between it and the levator ani, reaches 
the perineum, and gives filaments also to the integument between the anus and the 
coccyx. 

According' to Eisler the nerve to the levator ani is derived from the third and fourth sacral 
iierves, in some cases even from the second and third. 

FIFTH BAORAIi NBRVB. 

The anterior branch of this, the lowest sacral nerve, comes forwards through the 
coccygeus muscle opposite the junction of the sacrum with the first coccygeal 
vertebra : it then descends upon the coccygeus nearly to the tip of the coccyx, where 
It turns backwards through the fibres of that muscle, and ends in the integument 
^pon the posterior and lateral aspect of the bone {nn. ano-cocq/gei). 

As soon as this nerve appears in front of the coccygeus muscle (in the pelvis) it 
*8 joined by the descending filament from the fourth nerve, and lower down by the 
small anterior division of the coccygeal nerve. It supplies filaments to the coccygeus 
>Jau8cle. 

OOOOYaXAIi NSRVX. 

The anterior branch of the coccygeal, or, as it is sometimes named, the sixth 
®*cral nerve, is a very small filament. It escapes from the spinal canal by the 
^^iJ'minal opening, pierces the sacro-sciatic ligaments and the coccygeus muscle, and, 
^ing joined upon the side of the coccyx with the fitlh sacral nerve, partakes in the 
^'^tribution of that nerve. The connection between the fourth and fifth sacral and 
^he coccygeal nerves is sometimes described as the coccygeal plexus, 

BACRAIj PIjSZUS. 

The lumbo-sacral cord (resulting as before described from the junction of the 
^fth and part of the fourth lumbar nerves), the anterior divisions of the first three 
^^ral nerves, and part of the fourth unite to form this plexus. Its construction is 
^^pler than that of the spinal nerve-plexuses already described, as the several 
^^rrea unite without much interlacement into an upper large, and a lower small, cord 
^^ band. The upper band is formed by the union of the lumbo-sacral cord with the 
fit^t and second, and the greater part of the third, sacral nerves, and is continued 
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into the great sciatic nerre : the lower baod, which has a more pleslform arrange- 
nient, reaulte mainly from the junction of the smaller part of the third sacral nerve 
with the portion of the fonrth nerve belonging to the plezns, and is prolonged into 

Pi«. SIO.— Thi MCBiL rtucrs or 
(Q. D. T.) 
Tha peroneal and poptitetl diriwcDi 
of the great sciatic nerrs &ra aapftnted 
Dp to their origin. The iloraal offiiela 
of tfao pleiDB &re repreMnted light, and 
the ventral offsets darii. 

the pudic nerve. The lower 
hand is, however, joined bj a 
small fasciculns from the second 
SHcral nerve, Hnd according to 
Eisler it receives fibres also from 
the firat sacral nerve. To the 
place of anion the nerves pro- 
ceed in different directions, that 
of the npper ones being obliquely 
downwards, while that of the 
lower is nearly horizontal ; and, 
ii'-i>-^^ ^&' ' ''W '''^"V^*** **-''^- asaconsequenceof thisdifferen<-e, 
y^::^^^^^^:^ ^^*i ^Ki \ *'^^y diminish in length from the 

^^^^^^^BImSsI^;^ ^^\, first to the lust. The sacral plexuB 

rests on the anterior surface of 
the pyriformis muscle, opposite 
the side of the sacnim, and 
escaping through the great sacro- 
sciatic foramen, ends at the lower 
border of the pyriformis in the 
great sciatic and pudic nerves. 
Bramcbgb. — In addition to the terminal offsets, viz., the great sciatic and pudic 
nerves, the sacral plexiiB gives origin to a number of collateral branches of smaller 
size. These are the superior gluteal, inferior gluteal, small sciatic, and perforating 
cntaneong nerves, and branches to the pyriformis, obturator internns, gemelli, and 
qaadrfttus femoris musclee. 




In the description of the social plexus a division ia sometimes made into two anbcrdinate 
plexuses. The larger npper part, which ends in the great sciatic oerre and giyee off the other 
blanches to the limb, is distingnished as the tcialic plexm (^jiUmi Uchiadimi), while the 
smaller lower part, inclading the padic nerve tog-ether with the vieoeml and mnsculkr brsnabes 
of the third and fourth sacral nerves, is designated tite jndie pleiut (plerun padeitdtii). 

In the niukl condition the greater part of the eacral plexus is prolonged, as idieady stated. 
into the great sciatic tmnk, which divides at a variable level in the thigh into the internal 
popliteal and external popliteal (or peroneal) nerves. But in many caees (1 in S or S) these 
nerves spring independently from the plexus, and tbe external popliteal division posses back- 
wards through a cleft in the pyriformis muscle, the lower part of which is interposed between 
tlie two nerves. In the normal arrangement also the two nerves can be readily lepaiated up 
to the pelvis by dissecting off the sheath of the great sciatic trunk, and It is then found that 
the plexus and the nerves entering it ate divided into ventral and dorsal portions, the internal 
popliteal nerve being formed by the union of the ventral divisions of the lumbo-sacral cord 
and the first three sacral nerves, while the external popliteal receive* the doreal divisions of 
the lumbo-sacral cord and the Srst two sacral nervee. The collateral branches of the plexus 
may hleo be divided in a corresponding manner according as they arise from the anterior or 
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jMsterior divisionB of the nerves, and thus the offsets of the plexus passing: to the limb may be 
^reaped as follows : — 



Posterior or dorsal nerves. 

Superior gluteal. 

Inferior gluteal. 

Nerves to pyrif ormis. 

External popliteal. 

Small sciatic (gluteal branches and outer 
part of femoral division). 

Perforating cutaneous. 
Varieties of the saoral plexoa. — The nerves proceeding from the sacral plexus vary in 
'ftheir origin, like the offsets of the lumbar plexus, in accordance with the position of the 
'merrus furcalis (see p. 313). The range of variation is shown in the following table, mainly 
after Eisler : — 



Anterior or ^central nerves. 
Nerve to quadratus femoris. 
Nerve to obturator intemus. 
Liternal popliteal. 

Small sciatic (perineal branch and inner 
part of femoral division). 



High fonn of plexus. 



Normal fonn. 



Low form. 



r 82 and 4/ (or U 

Furcal nerves -I \ with large sacral 

( diyision) 

N. to quad, fem 4,5 2 

N. toobtint 1«, 5, 42, 2« 

Internal popliteal 1 s, 5, 4 2, 2«, (8 2) 

Superior gluteal 5, 4/, 1< 

Inferior gluteal 5 2, 1«, 4 2 

N. to pyriformis (5 2), 1, 2< 

External popliteal I 5, 42, 1 «, (8 2) 

Small sciatic 1,2«,52 

Pndic 2, 3, 1 », 52 



42 

4, 52, \s 

5 2, 1, 2s 

1 «, 5 2, 2 «, 4 2, 8 9 

5 2, 1 «, 4 2, (2 8) 

Is, 5 2, 2« 

1, 2« 

52, 1«, 42, 2« 

2, 8, 1 « 

3, 4, 2, 1 » 



4 2 and 5 2, or 5 2 

1«. 5 2 

2, 1, 8 « 

2, l«, 52, 8«, (4«) 

52, 1, 28 

1, 29. 5 2 

2. 1. (8) 8 

1, 2». 5 2, (8«) 

2, 8, 4 « 

8, 4, 2, 1 « 



(The relative size of the several roots is indicated by the order of the nerves, and those 
Included in parentheses are inoonstant.) 



A. — Collateral Branches. 

Small musoiilar braAohes.— The pyriformis mv^cle is supplied by twigs arising 
from the back of the first and second sacral nerves. 

The nerve of the quadratus femoris muscle arises from the front of the upper part 
of the plexus, receiving its fibres from the lumbo-sacral cord and first sacral nerve. 
Concealed at first by the great sciatic nerve, it passes beneath the gemelli and the 
tendon of the obturator internus — between those muscles and the capsule of the 
hip- joint, — and reaches the deep (anterior) surface of the quadratus. It gives off a 
branch to the inferior gemellus muscle, and another to the back part of the 
hip-joint. A second filament frequently passes directly from the sacral plexus to the 
articulation. 

The nerve of the obturator intemus muscle, derived from the fifth lumbar and upper 
two sacral nerves, springs from the front of the plesius immediately below the fore- 
going, with which it is usually connected at its origin. Appearing at the lower 
border of the pyriformis to the inner side of the great sciatic nerve, it then turns 
over the ischial spine on the outer side of thepudic vessels, and is directed forwards 
through the small sacro-sciatic foramen to reach the inner surface of the obturator 
muscle. This nerve furnishes a small offset to the superior gemellus. 

Varietiea. — Occasionally the branch to the superior gemellus is also given off by the nerve 
to the quadratus ; or that muscle may be supplied from both sources. In one instance 
J. T. Wilson found the nerve to the quadratus continued to the upper part of the adductor 
magnus (Joum. Anat., zxiii, 354). 

Superior gluteal nerve. — The superior gluteal nerve arises from the back of 
the lumbo-sacral cord and first sacral nerve. It leaves the pelvis withjbhe gluteal 
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vesBels tlirougli the great sacro-sciatic foramen above the pyriformiB muscle, and 
immedintely divides into two branches, which run fonmrds between the gluteus 
mediuB and minimns, supplying those muscles and the tensor vaginK femoris. 

(a) The uppa- branch is the smaller and more superficial ; it sends its oDeets 
solely to the gluteus mediuB, 

iP) The lower braneh crofses the middle of the gluteus minimus muscle with the 
lower branch of the gluteal artery ; it sends branches to both the gluteus medins 
and minimus, and generally perforates the fore part of the latter muscle to reach the 
deep surface of the tensor vaginse femoris, in which it ends. 




Fig. 211.— BRmcHKa of thb mcral pliios iii »hm 
Bl'TTOCE. (UiracbfeiauidUKilli;.) 1 
a, great trocbanUr ; h, tannot Tsginic femoril 
tnasrle ; c, Mndon of tbe obtnratur iDlernus muscle ; 
d, upper l«n of lie vaatua eilemm ; e, co(:cji ; 
/.gncilii muBcle; between /and d, tbe adiluctor magnaH, 
M mite nil inosus, and bioepi mu» ' '' ' 



end of 



1,1, upper b; 



of t 



rior branch c 

unie nerve ; 1", branch of tbe nerie to Ihe tetiwr 
vsjjinie femorLa ; 2, 2, iscrul pleius and gn»t iciatie 
nerye ; 2', muKular fig from the plexua to the pfri- 
formis; 2" branch lolbegemeliiissuperiorandobturalor 
intemaa; 3, BmaJlttciaticnerve.S', 3', piacedon tbe upper 
and lower parte of tb« divided gluteus maiimua, tbe 
brancbea of tbe inferior glotoa] none : 3", tbe gluteal 
cutaneous branchee of the email sciatic narre winUiog 
round tbe lower border of tbe glnteui maximui ; 4, tbe 
continuation of tbe amall sciatic nerve as posterior 
cut«neou) nerve of tbe thigh ; 4', inferior padeDdnl 
bnncb of the small sciatic ; 5, placed on the lower 
part of the sacral plexus paints to the origin of the pudie 
nerre ; e, its perineal iliTision with ita muicDlar 
braochcB ; 6', iotemal superficial perineal bnncb ; 
H") external superficial perineal ; + + . distribution of 
these nerTea and tbe inferior pudendal on the scrotum ; 
7, doreal ueris of tbe penis. 



ZnforioT glntMd narrs. — The inferior gluteal nerve arises from the back of 
the ple.^us, being formed i$F fibres which are derived from the lumbo-sacral cord, the 
first and second sacral nerves. It usually sends a branch downwards to join tbe 
commencement of the small sciatic nerve, and sometiniea the two nerves are more 
closely connected at their origins. The inferior gluteal nerve turns backwards at tbe 
lower border of the pyriformis muscle, and immediately divides into a number of 
branches which, diverjjing upwards and downwards, enter the deep surface of the 
gluteus maximua muscle about midway between its origin and insertion. 

Snutll TCiatio aarrs.^ The small sciatic nerve (nerws culaneus femorit 
posterior) is entirely a sensory nerve, supplying the iut^ument of the lower part of 
the buttock, the back of the thigh, and the upper part of the back of the leg ; it also 
furnishes one branch to the perineum^ — the inferior pudendal nerve. 

The nerve takes its origin usually from the back of the upper three sacral nerves 
by as many roots, the highest of which arises in common with a part of the inferior 
gluteal nerve. Emerging below the pyriformis muscle, it descends beneath the 
glutens maximus muscle, restiug on the great sciatic nerve, and then along the back 
of the thigh under cover of the fascia lata to a little beyond the knee. Here it 
becomes subcutaneous, and its terminal ramifications are distribnted to the skin of 
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the calf, one branch accumpaiiying the ehort. Baphenous vein and forming a com- 
mnnicaCion with ttie txternal SHphetioun nerve. 





Pij. 212.— PowiwoR CDiAK«oD» NKBTM Or TBg HIP ABU TuioH, (HinchfeU ind Lav«ill^,) I 
1. glutena mftiimo* miucle, diTided Ht id inferior part to show tha Rinall sciatic nerie ; b, b, fucU 
'If* ; e, d, part of the Kiniteniliiiovu, biceiw, and Beaiiraembranoiua inuaclei ejpowl b^ tho remoTtU of 
"B btcia 1 f, gaBtroenemiiu ; /. cocoyi ; g, inlerQal Baphenoua lein ; 1, 2, 3, 3, posterior tvu{a of ths 
"teniai CDtaneous aerre of tbe thigh ; 4, small sciatic nerve ; 4', 4". its gluteal cutaneous branches ; 
'• <^ntiaiiBtioDof thcaniall sciatic ; 6', V, its Inner ami outer ftmoral cutaneausbrancbeslpreadingonthe 
'**oia of the thigh ; 6, 6, jb terminal branches de«eniling on the calf of the leg ; 7, interatl anil 
"teroal popliteal aerTes, separating In the popliteal spnce ; 3, poaterior divisions of the lover sacral and 
""^Jgeal nervea ; 9, Inferior pudendal nerre. 

Pig. 213.— Dmp postebior hiuvu or rat Hir ind tbioh. (Hirschfeld and LeielUe.) \ 



. **< glutens mediiu muscle ; h, gluteus maiimus ; c, pjriforniis ; d, placed on the great trochanter. 
P^>tt«« to the tendon of tbe obturator iuternm ; <, upper pnrt of the femoral head of the biceps ; /, aemi- 
"ndiiidani ; g, semimembranosus ; h, gastrocnernius ; i, popliteal arterj ; 1, placed on the gluteus 
^■tiiinas mnacle, polntu to tbe superior gluteal nerce ; 2, 2, 2, ramifications of the inferior gluteal nerve; 
'>Pl«C«<l on tbe great sacro-sciatic ligament, points to the pudio nerve ; 3', its farther course ; 4, inferior 
'""^^ndal ; .'i, placed on the upper dirid»d part of tbe Semite ndinoeiu and bicepH, pointtt to tbe divided 
"o«ll sciatic or posterior cutaneous nerve of tbe tbigh ; 6, great sciatio nerve; 6', fl', some of Its 
^tiacoim bnuchet to tbe baniHtriDgs ; 7, internal popliteal nerve ; 7', its muscular or aural branches : 
■• external popliteal nerve ; S', lie external cutaneous branch : 9, communicating tibial : 9', communi- 
'^^UitperuDeal branch to tbe eiternal saphenous nerve. 

branches, — (a) The gluteal cutaneous branches {nti. clunium inferiores) are two ov 
'"Tee in namber, and bend upwards over the lower boi-der of the gluteus ma^cimus 
n»i«le, to be distributed to the skin of the lower and outer part of the gluteal 
'*gion. 
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(b) The inferior pudendal nerve (rr. peritieaits) tarns inwards below the ischial 
tuberosity, giving offsets (sometimes separate branches of the nerve) to the skin ol 
the upper and inner part of the thigh, and is continued forwards to the outer part of 
the scrotum (or exterufil labium pudendi), where its terminal filaments are 
distributed, after forming communications with the external superficial perineal 
branch of the pudic nerve. 

(c) The femoral cutaneous branches are numerous, and arise from both sides of 
the nervj while it lies beneath the fascia : they supply the skin of the back of the 
thigh, the larger number passing to the inner side. 

Varieties. — In cases of separate orifrin of the internal and external popliteal nerves 
(p. 324), the small nciatic nerve also arises from the sacral plexus in two parts. The ventral 
portion descends with the internal popliteal nerve below the pjrif ormis, and gives off the inferior 
pudendal and inner femoral branches, while the dorsal portion passes through that muscle with 
the external popliteal nerve, and famishes the gluteal and outer femoral branches. The 
inferior pudendal nerve sometimes pierces the great sacro-sciatic ligament. The small sciatic 
may be joined on the back of the thigh by a branch of the great sciatic nerve (p. 3H1). In 
some cases the small sciatic nerve ends behind the knee, its place in the leg being then taken 
by a branch of the external popliteal (p. 336). 

The perforating cntaaaoiis n«rve (fig. 215, 10) is a slender branch which 
arises most frequently from the second and third sacral nerves, and passes backwards 
through the great sacro-sciatic ligament ; it then turns upwards round the lower 
border of the gluteus maximus, and is distributed to the skin over the inner and 
lower part of that muscle. 

Varieties. — A perforating cutaneous nerve arising as above stated was found by Eisler 22 
times in 34 plexuses : in three of these it was conjoined at its origin with the pudic nerve. 
Instead of piercing the great sacro-sciatic ligament it may run with the pudic nerve between^ 
the great and small ligaments, or it may pass between the gn^eat ligament and the gluteus 
maximus muscle. In other cases a nerve having a similar distribution (n. perforatut coccygtv* 
major, Eisler) arises from the third and fourth (fig. 210), or fourth and fifth nerves (fig. 204: ^ 
10), and pierces the coocygeus muscle on its way backwards. Its place may also be suppUed. 
by a branch of the small sciatic. 

B. — Terminal Branches. 

Pndic n«rve. — The pudic nerve {n, pudendus) is a short plexiform trunk, wbic 
is given off from the lower part of the sacral plexus, and distributes branches tu t 
perineum and external organs of generation. Its chief root is usually derived fro 
the third saoral nerve. To this are added others from the fourth and second nerv 
and according to Eisler it also receives fibres from the first sacral nerve. The u 
roots spring from the front of the ventral divisions of the corresponding 
nerves. Passing out of the pelvis between the pyriformis and coccygeus muscles, 
turns forwards over the attachment of the small sacro-sciatic ligament to the ischi 
spine, where it is placed on the inner side of the pudic vessels, to the small sacr 
sciatic foramen. Having thus arrived at the hinder part of the ischio-rectal 
the trunk ends by dividing into the following three branches, viz., the inferi 
haemorrhoidal nerve, the perineal nerve, and the dorsal nerve of the penis, or clitori 
according to the sex. 

(a) The inferior hcemorrhoidal nerve (4, 8, (2) s) is sometimes derived separateV^ 
from the sacral plexus ; it inclines inwards towards the anus and divides in 
numerous branches which supply the skin of the hinder part of the perineal spac:? 
and the external sphincter muscle. The most anterior branches form commnnic^'' — ' 
tions with the inferior pudendal and superficial perineal nerves. 

{h) The perineal nerve (3, 2, 4 s) is the largest of the three divisions of the pud/^ 
nerve. It runs forwards along the outer wall of the ischio-rectal fossa, being con- 
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taioed in a special sheath of the obturator fasclu below the padic vessels, and breaks 
Qp ioto superficial and deep branches. 

The superficial perineal nerves are two in number, entemal and internal. The 
external or posterior, which is the first to leave the perineal trunk, runs forwards 
along the outer side of the perineal space to the scrotum, and sometimes gives a 
branch to the adjacent part of the thigh. The internal or anterior branch is larger. 
and runs forwards nearer the middle line, dividing into long slender offsets which 
are distribated to the integument of the scrotum. The two branches communicate 
freelv together, and the external generally receives the connecting filaments from the 
inferior pudendal and inferior hiemorrhoidal uerres. The superficial perineal and 

fif. 214.— RlQHT siDK or t&i imtjer[or or 




. . (Hirechfeld ud U- 

reille.) i 

Tbs left wall has Iksii remaTed aa far as the 
■unun b«liind and Che ■jtuphyaiB pubis in 
frant ; the viacera and the lower part aE the 
right levator ani liave been remored ; a, lower 
end of the aorte ; "', placed on the fifth lumbar 
reriebra. between the iwo common iliac arteries, 
nf vhicb the left is cut short ; fr, right external 
iliac lessela ; c, a^mphysispubi)'; it, the divided 
pyrifonnis muscle, close to the left auricular 
•urfice of thp sacrum ; t, bulb of the urethra 
tovtni by the bulbo-cavemoaus mnecle ; the 
■oenibtanous part of tbe urethra cut short is 
teen pissing into it ; 1, on the crest of the 
iliani, the eitemal culaiieoua nerve of the thigh 
pnanag orer the iliacua muscle ; 2, on the psoas 
nuscle, the genito-crunl nerve : 3, obturator 
nerve ; 4, 4, on the tumbo-sacral cords ; that of 
tlkn right side points to the gluteal arter; cut 
■bort ; 4'. superior gluteal nerve ; 5, on the 
right sacral plenus, points by four linee to the 
soterior ditisiona of the four up|>er aacml 

"■B pleina ; 5', placed on the fifth piece oE the 

■^roDi, points to the fifth eacnil nerve ; 5", 

'■■cer^l branches from the third and fourth sacral nerves 

«lo» the coccygeal nerves ; 7, the nerve of the levator ani 

*. ^nerre of the obturator intemus ; 10, puJic nerve 10 

'^", anperficial perineal nerves, aud on the srrotsro the ills 

PQdetidal nerve ; 11, right doraal nerve of 

short ; 12, small sciatic nerve ; 12', iU inEerior pudendal branch 

''■^h lumbar vertebra, the lowest lumbar sympathetic ganglion 14 

ipp«r sacral sympathetic ganglia ; between 14 and 6 are seen the 

UerrotiB cords, as well m their union with the sacral and coccygeal 

*"■ eanglion impar. < 

inferior pudendal nerves are sometimes named from their distribation long scrotal 
"*»"t'e» (n». scretales posteriores). 

In the female, both the superficial perinea! branches terminate in the external 
'abimn pudendi {nn. labiales posterunes). 

The deep branches generally arise b; a single trunk, and are distribnbed mainly 
™ the muscles of tbe perineum. They supply the fore part of the external sphiocter 
and levator ani muscles, tbe transversus perinei, ischio-cavemosus and bulbo- 
^^ernosus. One branch passes invfards through the bnlbo-cavernosns muscle, and 
^'^ides into slender filaments which penetrate tlie corpus spongiosum and reach the 
^■^Qcons membrane of the urethra. 

(c) The dorsal nerve of ike jienis (2, 3, (1 ) a) is the deepest branch of the pndic 
^^fve, and accompanies the pudic artery in its course through the deep perineal 
>a«cia (Vol. II, pp. S'69 and 47T), and between the layers of the suspensory liga- 



11 thci 



!r part of the coccyx, 
[isemarrhoidal nerve ; 
the perineal nerve ; 



13 on the transverse process of the 
on the first piece of the sacrum, the 
remai iing ganglia and sympathetic 

lerree, and at S, the lowest ganglion 
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meDt to the dorsum of the penis, alonp which it passes as far ns the glens, where it 
divides into filaments for the supply of that part. While pasBiog throngh the deep 
perineal fascts, it gives fine twigs for the sapply of the constrictor nrethrs mnscle ; 
and en the doreum of the penis, it is joined by branches of the aynipathetic system, 
and sends outwards numerous offsets to the internment on the upper surface and 
sides of that organ. Some filament« also penetrate the corpus cavernOBum. 

In the female the dorsal nerve of /he clitoris is much smaller than the correspond- 
ing branch in the male ; it is similarly distributed. 




Fig. 215.— DliSECTlOK OF ' 

IRU DTHEE NKEVES. (Hincbfeld and Leveille.] \ 
On Ihe right side a part of the glntanamaximus muscle and the great uero-sd&tic ligament hiTa been 
removed : 1, great sciatic nene of the right side ; 2, 2*, on the right side, inferior gluteal nerve ; 2", 
on the left side, gluteal cutanenus brancbet of the email eciatic ; 3, small sciatic nerve in the thigh ; 
4, 1, inferior pudendal nerve ; 4', netvork ot this and the superficial perineal nerves in the scrotum i 
0, right pudic nerve ; 6, auperiar branch or domi nerve lo the penis ; 7, eiteraal snperGotal perinnj 
branch; 7', internal nuperficial perineal branch; 8, deep or mascnlo-balbal branches; 9, inferior 
hnmorrhoidal nerve ; 10, perforating calaneona nerve. 

Tkrlattaa. — 1& the high form of pleznn the pndjc nerre may receive fibres from the fifth 
lombu (Eisler). Henle deeoribee and figures a root to the pndic from the fifth aacral nerve, 
but this was never met with b; Eitler or Paterson. The inferior hsmorrboidal nerve oft«a 
pierces the great or the imall saoro-scistic ligament on ite waj to the perineum (Eisler). Tb« 
external anperfidal perineal nerve may also pierce the great aacro-aciatic ligament. 

SuKMARV.— The pndio nerve supplies the skin and muscles of the perineum, the 
penis, and part of the scrotum in the male ; and the clitoris, labia, and other corre- 
sponding parts in the female. It communicBtes with the inferior pudendal branch of 
the small sciatic nerve. 

Ovmit sciatic narva. — The great sciatic nerve {nervus tMhiadicta), the Urgest 
nerve in the body, supplies the muscles at the back of the thigh, and by the branches 
continued from it gives nerves to all the mnscles below the knee and to the greater 
part of the integument of the leg and foot. The several joints of the lower limb 
receive filaments from it and its branches. 

This lai^e nerve is the continuation of the main part of the sacral pleius. It 
extends from the lower border of the pyriformis muscle to somewhat below the 
middle of the thigh, where it separates into two large divisions, named the inlemal 
and external popliteal nerves. At first it lies in the hollow between the great 



THE GREAT SCIATIC NERVE. 331 

trochanter and the ischial tuberositj, covered by the gluteus uiaximns and resting on 
the gemelli, obturator iuternus, and quadratus femoris muscles, in company with the 
small sciatic nerve and the sciatic artery ^ and receiving from that artery a branch 
which runs for some distance in its substance. Lower down it rests on the 
adductor magnns, and is covered behind by the long head of the biceps muscle. 

Branches, — In its course downwards, the great sciatic nerve supplies offsets to 
the hamstring muscles, viz., the semitendinosus, two heads of the biceps, and 
semimembranosus. A branch is likewise given to the inner part of the adductor 
magnus. 

The branches of the great sciatic nerve to the mnscles arisinp: from the ischial tuberosity 
are associated with its internal popliteal division, from which, however, thejr may be separated 
up to their orig^ from the sacral plexus. They are then found to arise in the following- 
order from above downwards : — the nerves to the adductor magnus (from 4 and 5 t) and 
semimembranosus (4, 5 / and 1 «), these being commonly united in one cord ; two branches* 
for the semitendinosus (from 5 /, 1 and 2 »), one supplying the part of the muscle above, and 
the other the pai*t below the tendinous inscription ; and the nerve of the long head of the 
biceps (from 1 , 2 and 3 g). The nerve of the short head of the biceps is united with the 
external popliteal division, and according to Paterson may be followed up to 5 2, 1 and 2 s. 

Tarieties. — The bifurcation of the great sciatic nerve may take place at any point 
intermediate between the sacral plexus and the lower part of the thigh ; and in some cases 
the two popliteal nerves arise separately from the sacral plexus (see p. 324). Very rarely the 
division takes place below the popliteal space (Henle). A branch of the great sciatic to join 
the small sciatic on the back of the thigh is siid to be normal by Krause, of frequent occurrence 
by Senle. In one instance a nerve to the short head of the biceps arose directly from the 
nox-al plexus in union with the inferior gluteal nerve (G. D. T.). 

Internal popliteal nerve. — The internal popliteal (n. tibialis)^ the larger 
of the two divisions of the great sciatic nerve, following the same direction as 
the parent trunk, continues along the middle of the popliteal space to the lower 
barxier of the popliteus muscle, beyond which point the continuation of the trunk 
i^eceives the name of posterior tibial. The internal popliteal nerve lies at first at 
& oonsiderable distance from the popliteal artery, at the outer side and nearer to 
tlie surface ; but, from the knte-joint downwards, the nerve, continuing a straight 
cociTse, is close behind the artery, and then crosses it rather to the inner side. 

Branches, — The internal popliteal nerve supplies branches to the knee-joint and to 
the muscles of the calf of the leg, and also part of a cutaneous branch, the external 
or short saphenous nerve. 

(a) The articular branches are given off from the upper part of the popliteal 
trunk, and are generally three in number ; two of them accompany the upper and 
lo^^cr articular arteries of the inner side of the knee-joint, the third follows the 
middle or azygos artery. These nerves pierce the ligamentous tissue of the joint. 
The upper one is often wanting. 

{h) The muscular branches arise from the nerve while it is contained in the 

Popliteal space. They include two nerves to the gastrocnemius (1, 2 s) — one to each 

bead of the muscle ; a small nerve to the plantaris (4, 5 /, 1 «), derived either from 

the branch to the outer head of the gastrocnemius, or directly from the main trunk ; a 

conaiderable branch to the soleus (5 /, 1, 2 «), which enters the muscle on its posterior 

aspect, close to the upper border ; and a nerve to the popliteus (4, 6 Z, 1 s). The 

Iwt branch arises somewhat lower down, and is more deeply placed, than the othera ; 

it descends on the outer side of the popliteal vessels, gives off filaments to the 

ftttperior tibio-fibular articulation, to the tibia, and to the interosseous membrane^ 

^nd then turns beneath the lower border of its muscle, which it penetrates on the 

^^p or anterior surface. The branch to the tibia enters the shaft of the bone wich 

the medullary artery : that to the interosseous membrane is a long slender twig^ 



33i 



THE SPINAL NBltVES. 



which, after supplying filaments to the anterior and posterior tibial art«riea, is 
continued downwards in the membrane to end in the inferior tibio-fibnlar artica- 
laticn, and the periosteum of the lower part of the tibia ; small Paciniau corpnsclea 
occur on the filaments passing to the bone and ligaments. 

(c) The cutaneous branch. — External or short mphmout nerve {n. itardli*). — The 
cntaneonsbranchof the internal popliteal nerve (/i&M/coiRmunica/m^fMrt-e,- n.culaneus 
tura medialis) (I, 2») descends along the leg, in the fnrrow between the heads of the 




Fif JI6 — POSTERIOB e 



«n«r Hinchfeld ud UTeill^) 



(Pram Sippej, 



1, inteTDsl poiilitcnl aerre ; 2, braoch to the ioDcr hakd of the gutro- 

cnemiuB muncle ; 3, 4, bnncbu ta the outer heuf and pluitaria ; 5, tibikl 

hntncb of tbe leg ; 8. peroneit communtaitiag bntncb. deacending to anile 
witb tbe tibiftl communicating in U. the eitertikl wpbenoaa nerre; 10, 

> roDcbes from the poUerior tibial nerre ; 12, internal sapbenoiu nerre ; 
13, poiil«rior btBDchea of tbii nerve. 

gastrocnemins muscle, to about midway between the knee and 
the foot Hereit perforates the fascia, and a little lower down 
IS asLiall; joined by a branch from the external popliteal nerve 
(peroruat communiealing). After receiving this commumcst- 
ing branch, the external Eaphenoos nerve descends beneath 
the integument near the outer side of the tendo Acbillis in 
company with the short saphenous vein, and turns forwards 
below the external malleolus to end in the skin on the outer 
side of the little toe, forming also a communication on tbe 
dorsum of the foot witb the outer division of the muscnlo- 
cutaneons nerve. While turning round the external malleolus, 
the external aaphenous nerve gives off external caleamal 
branthes to the skin on tbe outer side of the heel ; and 
other filaments pass to the ankle-joint and the astragalo- 
calcaneal articulation (Rudinger). 

T*Tlatl«( — The anion betwe«D the tibikl oommanicating 
nerve and the branch of the external popliteal oerre occnn 
in some case* higher than usual, occasionallj even at or cloee 
to the popliteal apace. It wnnetiiiieB happens that the com- 
manication between the nerves is altog^tlier wanting : in which 
ca<e tbe outaneoDB nerve to ibe foot is fr^oc'^r continaed from 
tbe biBJicb ol the internal popliteal nerve. The area of distribution of the external saphenous 
nerve in the foot is often increased, so that it supplies in part or wholly the outer one and a 
half, or even two and a half toes on their dorsal aspect : in tbeee cases the peroneal oommtini- 
CAting branch is said to be of larger size tlian usual. Ocoaaionall; the external saphenous 
nerre ends on the outer border of the foot, without reaching the toes. 



Povtsrior tibial narva. — The internal popliteal nerve receives the name of 
posterior tibial at the lower margin of the popliteus muscle. It passes down the leg 
with the posterior tibial artery, lying for a short distance on tbe inner side of the 
vessel and aitenvards on the outer side, the artery inclining inwards from its origin 
while the nerve takes a straighter course. In the interval between the inner 
malleolus and the heel, it divides into the two plantar tterves (infernal and external). 
The posterior tibial nerve, like tbe accompanying vessels, is covei-ed at first by the 
moscles of the calf of the leg, afterwards only by the integument and fascia, and it 
rests upon the deep-seated muscles. 
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Branches. — The deep muscles on the back of the leg, the fibula, the integument 
of the sole of the foot, and the ankle-joint receive branches from the posterior tibial 
nerve in its course along the leg. 

(a) The muscular branches (5 I, 1, 2 s) emanate from the upper part of the nerve 
either separately or by a common trunk ; one is distributed to each of the deep 
muscles, viz., the tibialis posticus, the flexor longus digitorum, and the flexor longus 
hallucis ; and a second nerve is famished to the soleus, piercing the deep surface 
of the muscle. 

(b) The fibular branch is a long slender ofifdet which arises in common with the 
nerves to the deep muscles, and descends, beset with numerous Pacinian corpuscles, 
in the canal of the peroneal vessels as far as the ankle. It gives off filaments to the 
vessels which it accompanies, to the shaft of the fibula with the medullary artery, 
and to the periosteum covering that bone (Rauber). 

(c) The calcaneo'plantar nerve (1, 28) is given off by the posterior tibial in the 
lower part of the leg, and becomes superficial by piercing the internal annular 
ligament. It divides into internal calcaneal branches which ramify in the integu- 
ment on the inner side of the heel, 2LiiA plantar cutaneous branches which supply the 
skin of the inner and hinder part of the sole. 

id) One or two articular filaments pass from the posterior tibial nerve close 
above its division to the inner side of the ankle-joint (Riidinger). 

Internal plantar nerve. — The internal plantar (4, 5 /, 1^), slightly the larger 
of the two nerves to the sole of the foot into which the posterior tibial divides, 
accompanies the internal or smaller plantar artery, and supplies nerves to both sides 
of the inner three toes, and to one side of the fourth. From the point at which it 
separates from the posterior tibial nerve, it is directed forwards under cover of the 
first part of the abductor of the great toe ; then passing between that muscle and 
the short flexor of the toes, it gives off the internal collateral branch for the great 
toe, and divides about the middle of the foot into three digital branches. The 
outermost of these branches communicates with the external plantar nerve. The 
^distribution of this nerve in the foot closely resembles that of the median nerve in 
*e hand. 

Branches.— {a) Muscular Jrflwc^« are supplied to the abductor hallucis and flexor 
^i^vis digitorum. 

{b) An articular filament passes deeply between the abductor hallucis and the 
^^udons of the long flexors of the toes to supply the joints between the astragalus, 
^**e navicular, and the inner two cuneiform bones (Riidinger). 

(c) Small plantar cutaneous branches perforate the plantar fascia to ramify in the 
^^tcgument of the sole of the foot. 

{d) The digital branches are named numerically from within outwards: the 
^^ter three pass from under cover of the plantar fascia near the clefts betw^een the 



, .^. The first or innermost branch continues single, but the other three 

-^^Orcate to supply the adjacent sides of two toes. They are distributed as follows : — 

l^he first digital branch is destined for the inner side of the great toe ; it becomes 

*^ ^cutaneous farther back than the others, and sends off a branch to the flexor brevis 

^llucis muscle. 

The second branch, having reached the interval between the first and second 

itarsal bones, furnishes a small twig to the first lumbricalis muscle, and bifurcates 

, ind the cleft between the great toe and the second to supply their contiguous 

The third digital branch, corresponding with the second interosseous space, 
^^vi<iea in a manner similar to that of the second branch into two offsets for the sides 
^* the second and third toes. 

VOL. HI., PT. 2. T 
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The fourth digital branch, diatribated to the adjacent sides of the third and 
foarth toes, uBoally has a commuDication with the externa) plantar nerve. 

Along the sides of the toes, cntaneons and articular filaments are given from these 
digital nerves ; and, opposite the ungaal phalanx, each sends a dorsal branch to the 
pnlp beneath the nail, and then rang on to the ball of the toe, where it is distribnted 
like the nerves of the fingers. Pacinian corpuscles are attached at intervals to these 
nerves. 

Eztsmnl plantar n«r»«.— The external plantar ner\'e { 1 , 2 «) completes the 
supply of digital nerves to the toes, furnishing branches to the little toe and half 
the fourth ; it also gives a deep branch of considerable size, which is distributed to 
several of the short muscles in the sole of the foot. There is thus a great resemblance 
between the distribution of this nerve in the foot and that of the ulnar nerve in the 
hand. 

.--i^?r,..= Pig. S17. — SUP»BMCU1. AND MKP BlSiaiBCTTOK OF IHK PLiRIiFl^fe; 

BRKVls. (AfMr Hincbfeld and LsTeill^, sliigbtly iD(Hlifiwl-)c^~~ 
{Allen Tboiusan.) i 

P>rt8 of tbe flexar brevis digitornm, ubdudoT ballucis, abducUK^^^ 
minimi digiti, anil th« tendcns at the fleior langus tligitoram, t«gedie ——^ 

with tbe lumbricalea miisclea, bare been remoTed «a w to bring inl ^^ 

view the adductor ttansveraiu and interneaeone maecles in the middH ^ 
of tbe foot 

a, a]xiD tbe ponlerior eitremitr of the flexor broTig digitoram, ne^Mj 
which, descending over the heel, are Men nuuificationa of the cilcanfaB I 
branch of the posterior tibial nerve ; h, abductnr hallocia ; c, teniic>«i 
of tbe flexor longue digiCnniin, divided cloee to the place where il i* 
joined bj tbe flexor accegaorias ; d, abductor minimi digiU ; e, tendon 
of tbe fleior lon)^i halliicia between the two portions of tie flexor 
breria hallucis ; 1, internal plantar nerre giving Iwige to the abductor 
hallucis, and 1', a branch to the fleior brevia digitorum, cut abort ; 
2, inner branch of the internal plantar nerie, giving bmnchea to the 
fleior brevii hallucis, and forming 2', the internal collateral nerve of 
tbe great toe ; 3, eontinnation of tbe internal plantar nerve, diriding ^ 

into three branches, which form, 3', 3', 3', the plantar digital nerve* ^ 

of the first and aecond, second and third, and third and fourth to^ \ , 

i, external plantar nerve ; A', its branch tothe abductor minimi digiti : 
G, twig of union between the plantar nerves ; 3, auperflcial branch "' i^ 

the external plantar nerve, dividing into 6', 8', the collateral digij*^ ~ 

nei-ves of the fourth and fifth l«s and tbe external nerve of the fl<t,b ; 
7, deep branch of the eilernai plantar nerve. 

The external plantar nerve runs obliquely forwaT^^ \ 
towards the outer side of the foot, along with the exterf*^' i 
plantar artery, between the flexor brevia digitornm » J^" -, 
the flexor acrtfsorius, as far as the interval between the former muscle and fcl^*' 
abductor of the little toe. Here it divides into a superficial and a deep bran^^"' 
having previously furnished offsets to the abductor minimi digiti and the flesco 
accessorius, as well as a filament through the last muscle to the calcaneo-cubc:'*^ 
articulation (Riidinger). 

(a) The superjicial portion separates into two digital branches, which have *^' 
same general arrangement as tbe digital branches of the internal plantar nerve. '1 "* *1^ 
outermost of these is undivided, and runs along tbe outer side of the little toe : it^^' 
smaller than the other, and pierces the plantar fascia farther back. The short flc^^*'- 
muscle of the little toe, and sometimes one or both of the interosseous muscles 

the fourth space, receive branches from this nerve. 

The larger digital branch usually communicates with the internal plantar nei **^^ 
and bifurcates near the cleft between the foarth and fifth toes to sopply one side 
each. r 

(b) The rf«p or mHscii/ar^ww/ of the external plantar nerve dips into the sole 
the foot with the external plantar artery, under cover of tbe tendons of the flex 
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mosclea and the accessorius, and terminates in anmerons branches for the following 
mnsclea : — all the interosseons (dorsal and plantar) except occasionally one or both 
of those in the fourth space, the outer three lumbricalea, the adductor transversns 
and adductor obliquns hallncis. This part of the nerve also fnmishes articular 
fflatnmtit to the tarso- metatarsal, and frequently to the me tatarso- phalangeal joints, 
as well as minute perforating branches, which pass upwards through the posterior 
ends of the intermetataraal spaces to join the interosseona branches of the anterior 
tibial uerve (Eiidinger). 



Pig. 21S.— CoTiMiDL-g irifivu or otnH sid* or thi 

Lid iKD FOOT. (Pram Sappej, &fur Hinchfold 

uiJLe>eill4.) J 

1, AXtenuil popli(«al nerve ; 2, its Uteitkl cataneooa 

branch ; 3, peraaexl eammaaicatiiig bnnch which 

onitei >ith 1, the Ubisl ooimnuDicittng, in 5, the 

*Uenikl uphenooE nerre ; fl, calcaneal bisnch of the 

titernki nphenouB ; 7, eit«nut1 donal iligital branch 

~, dona! digital hninch of the 



10, 1 



1 RCth U 



; S. 9,. 



CDlo-t 



IB ; 11, union with the eitemal 
■aphenam ; 12, com muul cation between its outer and 
inner branches ; 13, anterior tibial nerve, abown bj the 
remoTal of a part of the muBcles ; It, its inner ter- 
■Dion] branch, oiaerging in the space between the first 
*Dd second toes, where il 
•ligiUt branches to their ai 
•ftionUr netro. 



lateral d 
t sides ; IS, recncrent 



wternul plantar nerves (Jonm. Anat., iri, 67B). 
"■e branch of the external ptatitBr nerre to the 
*°<»Bd lombricaliB nue forwudB beneath the 
ll^nvtor transrerauB hallacia, and then tarns 
backwards over that muscle to reach its deatin*- 
fj*"!!. Cmreilhier describes the branch to the 
">ird lombricalia as pieroini; the adductor tran>- 
'ernu hallncis. The deep part of the external 
Pl«atu- nerre tarelj pves a branch to &e enter 
•••ad of the flexor brevis hallncis (normal accord- 
"*« to Henle and Schwalbe). 

SUMMART OF THE INTERKAf, POPLITEAL 

^ervb. — This nerve supplies all the muscles 
°^ the back of the leg and sole of the foot, 
f*^ articalations of the knee, ankle and foot. 
^^ bones and vessels of the leg, aud the in- 
r^SUmeut of the plantar aspect of the toes, 
I **^ sole of the foot, and in part that of the 

'*'<2r half of the back of the leg. 

j Xxtental popliteal or paz«ii«J iuirv% (n.peroiuBm amtmumn). — This.nerve 

^^cends obliquely along the outer side of the popliteal space, lying close to the 

*^^ps muscle. Continuing downwards over the outer part of the gastrocnemius 

7**^scle (between it and the biceps) and below the head of the fibula, the nerve turns 

**»id that bone and, passing between it and the peroneus longus muscle, divides 

'•c* the anterior tibial and the musculo-culaneous nerves. 

^^ Brasches,— Some articular and cutaneous branches are derived from the external 

"^^t^liteal nerve before its final division. 

(o) The articular branches are conducted to the outer side of the capsular liga- 
^nt of the knee-joint by the upper and lower articular arteries of that side. They 
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sometimes arise together, and the upper one occasionally springs from the great 
sciatic nerve before the bifurcation. From the lower branch a filament is given to 
the superior tibio-fibular articulation (Biidinger). 

From the place of division of the external popliteal nerve, a branch (often doable) 
called the recurrent articular nerve ascends through the tibialis anticus with the 
anterior tibial recurrent artery ; its fibres terminate mainly in that muscle, but fila- 
ments may be traced to the superior tibio-fibular articulation, the periosteum over 
the outer tuberosity of the tibia, and the fore part of the knee-joint. 

{h) The cutaneous branches (5 /, 1, 2 «), generally two in number, supply the skin 
on the back part and outer side of the leg. 

The peroneal or fibular communicating branchy which usually joins the short 
saphenous nerve below the middle of the back of the leg, is the largest of these 
nerves. In some instances, it continues as a separate branch, and its cutaneous 
filaments reach down to the heel or on to the outer side of the foot. 

The lateral cutaneous branch of the leg (n. cutaneus surie laterali8)y often 
arising in conjunction with the foregoing, extends along the outer side of the leg 
to the middle or lower part, sending offsets both backwards and forwards. 

In some cases there is another cntaneons branch which arises from the npper part of the 
external popliteal nerve, and ramifies over the back of the calf, taking the place of the smaU 
sciatic nerve below the knee. 

Miuiciilo-cntaiieoiuinerve. — The musculo-cutaneous nerve (n.peronceus super- 
ficialis) (4, 5 /, \s) descends between the peronei muscles and the long extensor of 
the toes, and reaches the surface by perforating the fascia in the lower part of the 
leg on the anterior aspect. It then divides into two branches, distinguished as 
exteraal and internal, which proceed to the toes. The two branches sometimes 
perforate the fascia at different spots. 

Branches. — (a) Muscular branches are given to the peroneus longus and peroneas 
brevis. 

{b) Cutane&us branches given off near the primary division arc distributed to tlie 
lower part of the leg. 

(c) The internal branch of the musculo-cutaneous nerve, passing forwards along 
the dorsum of the foot, furnishes one branch to the inner side of the great toe, and 
another to the contiguous sides of the second and third toes. It also gives offsets 
which extend over the inner ankle and side of the foot. This nerve communicates 
with the long saphenous nerve on the inner side of the foot, and with the anterior 
tibial nerve between the first and second toes. 

(d) The exfeiTUil branchy smaller than the internal, descends over the foot 
towards the fourth toe, ^hich, together with the contiguous borders of the third 
and fifth toes, it supplies with branches. Cutaneous nerves, derived from this 
branch, spread over the outer ankle and the outer side of the foot, where they are 
connected with the short saphenous nerve. 

The dorsal digital nerves are continued on to the last phalanges of the toes. 

The number of toes supplied by each of the two divisions of the musculo- 
cutaneous nerve is liable to vary ; together, these nerves commonly supply all the 
toes on the dorsal aspect, excepting the outer side of the little toe, which receives a 
branch from the short saphenous nerve, and the adjacent sides of the great toe and 
the second toe, to which the anterior tibial nerve is distributed : with this latter 
branch, however, it generally communicates. 

Varieties. — The external division of the muscnlo-cntaneons nerve is often reduced in tize. 
the deficiency being supplied by the external saphenous nerve. Less frequently the internal 
branch is replaced to a grreater or lets extent en the toes by the anterior tibial nerve. The 
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nvxinlHr of toe* mpplied b; tJie mtucalo-ciitaneoos uerre ia seldom InoreBwd. (On nvUtiona 
iES. 'tbe neirea of the dorsnm of the foot, and tbetr relative frequency, see the Second Annual 
IC-^I»rt of the Committee of CoUeetive Investigation of the Anat. 800., by Arlihor Thomwn , 
Joxam. Anat., xxvi, 1891.) 

Anterior tibial tuatv*. — The anterior tibial nerre (n. pfromeus pro/utidict) 
{S-r bl, Is), commenciDg between the fibula nod the peroneus longns, inclines 
obliquely beneath the long extensor of the toes to the fore part of the interosseous 
membrane, and there comes iuto contact with the anterior tibial vessels ; with 
tdese vesEels it descends to the front of the ankle-joint, where it divides, into an 
extfCmal and an internal branch. The nerve reaches the anterior tibial arter^r abont 

?iS- 219.— DiaimiBHTioB or lEit BUWCHis or thi ixtibhal 

TKK rooi. (After Hirechfcld tnd LevaiUe.) ( 

7heapper part of the peroneni longns nmsclebu been nmored, the 

tibialia auticas, the long eitensor of the great toe snd the peroneui 

lonK"' 'iv dnvrn apart in th? leg by booka marked a, b, and c, and 

tbe tendons of the eitanaar moaclea bare beon remoTod on the dotaum 

o[ the loot ; 1 , external popliteal or peroneal nerre, vinding mnail the 

oat«r part of the fibula ; 1', il» recnrrent articnlar branches ei posed 

kr the dissection of the upper part of the tibialis anticui muscle ; 

i, 3, muscDlo-cntaneoug nerve ; 2' 2', tviga to the long and short 

peroneal muscles ; 3, 3', internal branch of the musculo- cutaneous 

tsrvt ; i, i', i'., its eittmal branch ; 6, external saphenous nerve, 

oaitiog at tvo places with the outer branch of the muscalo-cutaneoos ; 

6', its branch to the outer side of the fifth toe ; 8, fjaced on the upper 

part, of the eitenior longns digitoruni, marks the anterior tibial nerve 

lABsing beneath the muscle ; 6, placed farther down on the tendon of 

tiie tibialis antieue, pointa to the nerve as it lies in front of the 

■QteriDT tibial srterj ; 6', 6', its muscular branches in the leg ; 6", on 

Ihe tendoD of the extensor longns hallocis, points to the anterior tibial 

nerve after it has passed into the foot behind tbal tendon ; 7, its inner 

hrancb, uniting with a twig of the musculo- cntaneoui, and giving the 

dorsal digital nerves to the adjacent aides of the first and second toea ; 

i, dbrtribution of its outer branch to the extensor brevis digitorom and 

tarsal articulations. 

the junction of the npper with the second fourth of the 
'eg, and is thence placed in front of the vessels as far as 
the ankle, at which spot it is usually on their onter side. 
Branches. —{a) Sfuseular brajuhes.--— In its coarse 
along the leg, the anterior tibial nerve gives oflaets to 
^^^ adjacent mnacleB, namely, the tibialis anticns, the 
«-^teDBor longus digitorum, the extensor proprina hallncis, 
*Q'i the peroneus tertius. 

(6) An articular Jilamenl for the ankle-joint arises 
'*X>in the lower part of the nerve. 

(c) The external branch of the anterior tibial nerve 
^QrtiB outwards over the tarsus beneath the short extensor of the t«es ; and, having 
^^come enlarged {like the posterior interosseous nerve on the wrist) breaks up into 
^'^Dches which supply the abort extensor muscle, and the articulations of the foot. 
(rf) The inl«rnaJ branch, continuing onwards in the direction of the anterior tibial 
**^rve, accompanies the dorsal artery of the foot to the first interosseous space, and 
^*^^ in two branches, which supply the integument on the neighbouring sides of the 
Sfeat toe and the second toe on their dorsal aspect. It communicates with the 
*ttternal division of the musculo-cutaneous nerve. 

From the internal branch one, and from the external two or three slender 
^terosseous branches are sent forwanis to the intermetataraal spaces, where they are 
i^itied by the perforating twigs of the external plantar nerve (p. SS.'i). They supply 
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filaments to the tarso-metatarsal articalations and the periosteum of the metatarsal 
bones, and terminate in the metabarso-phalangeal joints. The second and some- 
times the first of these nerves give twigs also to the dorsal interosseous muscles 
upon which they lie (Rudinger, Cnuningham). 

Varieties. — Occasionally the anterior tibial nerve sopplies also the inner side of the great 
toe, or the adjacent sides of the second and third toes. In one case the anterior tibial nerye sent 
branches to the outer three and a half toes, the prreat toe and the inner half of the second being 
supplied by the musculo -cutaneous (F. T. Roberts, Liverpool Med. and Surg. Reports, vi. 
1867). Very rarely the digital branches are altogether wanting. 

Summary of the external popliteal nerve. — This nerve supplies, besides 
articular branches to the knee^ ankle, and foot, the muscles and integument of the 
outer side and front of the leg and dorsum of the foot. It gives the peroneal 
communicating branch to the short saphenous nerve, and communicates with the 
long saphenous nerve. 

SYNOPSIS OF THE SENSORY DISTRIBUTION OF THE 

CEREBRO-SPINAIi NERVES. 

i. In the head. — The fate and head in front of the ear ai'e supplied with 
sensory nerves from the fifth cranial nerve. The ophthalmic division supplies 
branches to the forehead, upper eyelid, and dorsum of the nose. The superior 
maxillary division supplies the greater part of the cheek, the side of the nose, upper 
lip, lower eyelid, and the region behind the eye over the fore part of the temporal 
fascia. The inferior maxillary division supplies the chin and lower lip, the hinder 
part of the cheek, the fore and upper parts of the pinna of the ear on its outer side, 
and the integument in front of the ear and upwards on the side of the head. 

The head behind the ear is mainly supplied by the great occipital branch of the 
posterior division of the second spinal nerve, but above the occipital protuberance 
there is also distributed the branch from the posterior division of the third spinal 
nerve ; and in front of the area of the great occipital nerve is a space supplied by 
anterior divisions of spinal nerves, viz., the back of the pinna of the ear, and the 
lower part of its outer surface, together with the integument behind, and that 
in front over the parotid gland, which are supplied by the great auricular nerve 
(2, 3 e) ; while between the area of this nerve and the great occipital the small 
occipital nerve (2, 3 c) reaches the scalp, and sends a branch to the upper part of 
the pinna. The auricular branch of the pneumo-gastric nerve also is distributed on 
the back of the ear. 

Cavities of the Iiead. — The mucous membrane of the nasal fossa is supplied by 
the olfactory nerves and the first and second divisions of the fifth nerve. The 
ramifications of the olfactory nerves are restricted to the small olfactory region at 
the highest part of the cavity; the nasal branch of the ophthalmic division of the 
fifth nerve supplies the anterior portion of the lining membrane; and the superior 
maxillary serves all the remainder. The frontal sinus is supplied by the nasal nerve, 
the ethmoidal cells and sphetioidal sinus by the nasal and superior maxillary, and the 
maxillary antrum by the superior maxillary nerve. 

In the mouth, the upper lip, the teeth of the upper jaw with the gum, and the 
mucous membrane of the hard palate, are supplied by the superior maxillary nerve. 
The lower lip and the inner surface of the cheek, the lower teeth and the gum, and 
the greater part of the tongue in front of the anterior pillars of the fauces, together 
with the mucous membrane of the alveolo-lingual sulcus, are supplied by the inferior 
maxillary nerve. The taste-fibres of the fore part of the tongue probably run in the 
chorda tympani; and the root of the tongue is supplied by the glosso-pharyngeal 



DISTRIBUTION OF CBEEBEO-SPINAL NERVES. 



339 



nerve. The soft palate receives branches from the saperior maxillary and glosso- 
pharyngeal nerves. The mucous membrane of the pharynx in its upper part, 
including the mouth of the Eustachian tube, receives twigs of the superior maxillary 




Fig. 220. — Cutaneous areas op the nsryxs of the head and neck. (G.D.T.) 

The areas supplied by the branches of the first division of the fifth are enclosed by black lines ; 
Pilose supplied by the second division of the fifth and by branches of the cervical plexus by red lines ; 
and those supplied by the third division of the fifth and by the posterior primary divisions of the 
Cervical nerves by blue lines. S T, supratrochlear, I T, infratrochlear, and L, lachrymal branches of 
the first division of the fifth. The hinder part of the cheek, on which the word ''auriculo*' is placed, 
receives fibres of the auriculo-temi>oral nerve through the communication with the facial. The black 
spots denote the points at which the respective nerves become superficial. 

In this and similar figures the overlapping of adjacent nerves is indicated, so that along the boundary 
of each area there is ^ region which is supplied by the two nerves. It is, however, to be remarked 
that, owing to the difficulty of determining anatomically the precise extent of skin supplied by a branch 
of nerve, and the great degree of individual variability in this respect, neither the extent of the several 
areas nor the degree of overlapping are to be regarded otherwise than as approximate representations of 
what appears to be the average condition. 
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nerve ; in the rest of its extent it is supplied by the glosso-pharyngeal and pnenmo- 
gastric nerves, mainly through the pharyngeal plexus, but in the neighbourhood of 
the superior aperture of the larynx it receives filaments of the superior laryngeal 
nerve. The larynx /s supplied mostly by the superior laryngeal nerve, bub in its 
lowest part it receives fibres from the inferior laryngeal, which also supplies 
the trachea. The sensory nerves of the cBsophagus are probably derived from 
the pneumo-gastric. 

The mucous lining of the tympanic cavity and Eustachian tube are supplied 
by the glosso-pharyngeal nerve, while to the mastoid cells filaments pass from the 
same source, as well as from the inferior maxillary nerve (Luschka). The outer 
surface of the tympanic memlnrane, like the skin of the external auditory meatus 
generally, is supplied by the auriculo-temporal of the fifth and the auricular branch 
of the pneumo-gastric nerves. 

In the cranial cavity the dura mater receives branches from the three divisions of 
the fifth, the pneumo-gastric, and the hypoglossal nerves. 

2. In the tmnk. — The posterior divisions of the spinal nerves supply an area 
extending on the back from the vertex of the skull to the buttock. This 
area is narrow in the neck ; it is expanded in the upper dorsal region, extending 
over the back of the scapula; in the lower dorsal and lumbar regions its extent may 
be marked by a line drawn from the lower angle of the scapula (the arm hanging 
against the side) to the middle of the iliac crest ; and in the buttock its lower limit 
is indicated by a line from the tip of the coccyx to the great trochanter (see fig. 189, 
p. 282). The series of cutaneous branches is not continuous, there being gaps in 
the lower cervical and lower lumbar regions, corresponding to the middle parts 
of the bi-achial and lumbo-sacral plexuses ; that is, those spinal nerves which 
contribute most largely to the supply of the limbs do not fm*nish dorsal cutaneous 
offsets. 

The area supplied by the cervical plexus, besides extending upwards, as already 
mentioned, on the lateral part of the skull, stretches over the front and sides 
of the neck, and the upper part of the shoulder and breast. 

ThQ area of the anterior divisions of the dorsal and first lumbar nerves meets 
superiorly with that of the cervical plexus, and posteriorly with that of the posterior 
divisions of the doraal and lumbar nerves. It passes down over the haunch 
and along by the outer part of Poupart's ligament, and includes part of the penis 
and scrotum, and a small portion of the integument of the thigh internal to 
the saphenous opening. This extensive area may be subdivided by a line passing 
through the nipple downwards to the centre of Poupart's ligament into a mesial 
region supplied by the anterior cutaneous branches of the nerves, and a larger 
lateral regioA supplied by the lateral cutaneous branches. In the former region the 
skin over the ensiform process is supplied by the sixth and seventh dorsal nerves, and 
that around the umbilicus usually by the tenth dorsal nerve. 

The root of the penis on its dorsal aspect and a part of the scrotum anteriorly are 

Fig. 221. — Cutaneous areas of the nerves of the upper limb. (G.D.T.) 
A, anterior view ; B, posterior view. 

The areas supplied by the circamflex and muscuIo-Rpiral nerves, derived from the posterior cord of 
the brachial plexas, are circumscribed by red outlines ; thnss of the uloar, internal cutaneous, and 
nerve of Wrisberg (W), from the inner cord of the plexus, together with the intercosto-humeral nerve, 
by blue lines ; and those of the mus^ulo-cutaneous from the outer cord of the plexus, with the median 
derived from both outer and inner cords, by interrupted black lines. 'The lawer limit of the supra- 
clavicular nerves over the shoulder is also shown by a broken black line. The numerals following the 
names of ihe nerves indicate the spinal nerves from which the latter arise ; 3, 4, 5, 6, 7, 8, the 
corresponding cervical nerres : 1, 2, the first and second dorsal nerves. The cutaneous branches of the 
mnscolo-spiral are distinguished as foUows :— I, internal cutaneous ; II, upper, and III, lower 
external cutaneous. 
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supplied by the ilio-iaguinal and genito-craral nerves (1 /)• "^he greater part of the 
fenis, the lower and hinder parts of the scrotum, and the perineum arc supplied by 
the padic nerve (2, 3, 4 s), the scrotnm also receiving branches from the inferior 
pudendal of the small sciatic (2, 3 s). The branches to the penis are derived mainly 
from the second sacral nerve, to a less extent from the third ; those to the scrotum 
and fore part of the perineum chiefly from the third nerve, but in part also 
from the second ; and those to the hinder part of the perineum from the fourth and 
third sacral nerves (Paterson). 

3. In tlie upper limb. — The shoulder, supplied superiorly by the descending 
branches of the cervical plexus (3, 4 c), receives its cutaneous nerves inferiorly from 
the circumflex nerve (5, 6 c). 

The arm internally is supplied by the intercosto-humeral nerve (2 d) and 
the nerve of Wrisberg (1 d). The inner and anterior part is supplied by the 
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Fig. 223. — Nervk-supply of the skih of the sole. (G.D.T.) 

The areas enclosed by red lines are those supplied by the external cutaneous nerve, the middle and 
internal cutaneous, and the internal saphenous branches of the anterior crural nerve, the perforating 
cutaxieous nerve, and the lateral cutaneous, musculo-cutaneous, and anterior tibial branches of the 
P^>t>iie;d nerve, t'.e., the dorsal offsets of the limb-plexus. Those enclosed in blue lines are supplied by 
branches derived from the ventral offsets of the limb-plexus, viz., the calcaneo-plantar branch of the 
P^^terior tibial nod the plantar nerves. The area of the small sciatic is enclosed internally by a blue 
&ud externally by a red line, corresponding to the double nature of the nerve (see p. 825). The area of 
^^ inner side of the leg supplied by the obturator and internal cutaneous in common, and that supplied 
^y the external saphenous, are enclosed in interrupted black lines, the nerves concerned being derived 
P*i^ly from dorsal and partly from ventral divisions. 

^'^temal cutaneous nerve (8 c, 1 d) and the posterior and outer parts by the circum- 
flex (5, 6 c), and by the internal and external branches of the musculo-spiral nen'e 
(6, 7,8 c). 

The forearm^ anteriorly and on the outer side, is supplied by the mugculo- 
^utaneous (5, 6 c) ; on its outer and posterior aspect by the lower external cutaneous 
*>i^iich of the musculo-spiral (6, 7, 8 c), and inferiorly by the radial branch (6, 7 c) 
^^ the same nerve. On the inner side, both in front and behind, is the internal 
Cutaneous nerve (8 f, 1 d), and inferiorly are branches of the ulnar (8 c, 1 rf ). 

On the hack of the hand are the radial and ulnar nerves, the nidial (6, 7 c) 
^^pplying about three fingers and a half or less, and the ulnar (8 c) one and a half 
^** more. 

On the front of the ?iand, the median nerve (6, 7, 8 c, 1 d) supplies three fingers 

'^^d. a half, and the ulnar ( 1 rf, or 8 c, Id) one and a half. In the palm is a branch of 

^^e median, and also a branch of the ulnar, given of! above the wrist. On 

^*^^ thenar eminence are branches of the musculo-cutaneous, median, and radial 

^^rres. 

4. In tlie lower limb. — ^The buttock is supplied from above by the cutaneous 
*^^^anches of the posterior divisions of the lumbar nerves, with the ilio-hypogastric (1 /) 



344 CEREBRO-SPINAL NERVES. 

and lateral branch of the last dorsal nerves ; internally by the posterior divisions of 
the sacral nerves ; externally by the posterior branch of the external cataneons 
nerve (2, 3 T) proceeding from the front ; and inferiorly by the perforating 
cntaneous nerve (2, 8 s) and branches of the small sciatic nerve (1, 2, 3 «) proceeding 
from below. 

The t?Mgh is snpplied externally by the external cntaneous nerve (2, 8 l) from the 
lambar plexus ; posteriorly, and in the upper half of its inner aspect, by the small 
sciatic (1, 2, 3 s) ; anteriorly, and in the lower half of the inner aspect, by the middle 
and internal cutaneous (2, 8 Q of the anterior crural, the latter being frequently 
assisted by the obturator nerve (2, 3, 4 /)• 

The kg is supplied posteriorly by the small sciatic (1, 2, 3 s) and short saphenous 
(1,2 8) nerves; internally by the long saphenous (8, 4 Q and branches of the 
internal cutaneous of the thigh (2, 3 /) (or obturator) ; and outside and in front by 
cutaneous branches of the external popliteal nerve (5 1,1,2 8) and by its musculo- 
cutaneous branch (4, 5 /, 1 s). 

On the dorsum of the foot are the branches of the musculo-cutaneous (4, 5 J, 1 s), 
supplying all the toes with the exception of the adjacent sides of the first and second, 
which are supplied by the anterior tibial (4, 5 /, 1 s), and the outer side of the little 
toe, which, with the outer margin of the foot, is supplied by the short saphenous 
nerve (1,2^). The long saphenous (8, 4 /) is the cutaneous nerve of the inner side 
of the foot. 

The sole of the foot is supplied in its posterior part, together with the inner side 
of the heel, by the calcaneo-plantar branch of the posterior tibial nerve (1, 2 «). 
In front of this, the inner and larger part is supplied by the internal plantar 
nerve (4, 5 /, 1 e), which extends to the inner three toes and a half, while the outer 
part, with the remaining one toe and a half, is supplied by the external plantar 
nerve (1, 2 «). Over the outer side of the heel, and along the outer margin of the 
sole, are branches of the external saphenous nerve (1, 2 8). 



OnTANZOUB DISTRIBUTION OV THIS BFINAL KXRVBS TO THS TBXTNK 

AHD lilMBB. 

The manner in which the several spinal nerves are distributed to the skin hf 
been greatly elucidated by the experimental investigations of Sherrington, tlk^ ^ 
dissections of Herringham and Paterson, and the clinical and pathologice^/ 
observations of Ross, Thorburn, Head, and others. From these it would appes^r 
that in the trunk the branches of each dorsal (segmental) nerve are generalU^ j 
distributed to a continuous area of skin, which has the form of a zone extendirm^^ 
horizontally or obliquely from the dorsal to the ventral median line (see fig. 22 -Si 
A, B, C). According to the observations of Head, the upper dorsal nerv^* 
form exceptions to this statement, their zones being interrupted laterally by ti^e 
interposition of the upper limb, into which the middle portions of the first sJ^^ 
second nerves (corresponding to their lateral cutaneous offsets) are prolonged ; b«^' 
Sherrington found in the monkey that there was complete continuity between t\%e 
trunk and limb portions of the areas of these nerves. Inferiorly, the zone of the te^ 
dorsal nerve is produced downwards over the hip ; and the firet lumbar nerve, which 
resembles a dorsal nerve in its distribution, also supplies a zone which is similsri/ 
extended laterally over the hip, as well as ventrally to the penis, scrotum, and upp^^ 
part of the thigh ; while with the second lumbar nerve the series of limb-nerves 
proper commences. These zones, moreover, overlap to a considerable extent, owiD? 
partly to the communications established between the several trunks, as is espeoiali/ 
the case with the lower intercostal nerves (see p. 310), and partly to the crossing of 
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their terminal filaments, so that there is probably no spot of the skin which 
is supplied only by one spinal nerve (Sherrington). 

In the limbs, although the nerves have been mingled in the plexuses, there is a 
similar principle to be recognized in their ultimate distribution, the fibres derived 
from the several spinal nerves being supplied to definite continuous areas in 
positions which are readily explained by reference to the mode of development of the 
limb. Thus, the upper nerves are distributed along the preaxial side of the limb, 
and the lower nerves along the postaxial side, while the intermediate nerves descend 
along the centre of the limb, and supply only the more distal parts. The skin at the 
root of the limb is not supplied by oflPsets of the limb-plexus, but by branches 
of nerves which have been drawn out, as it were, with the skin of the adjoining 
part of the trunk during the development of the limb. 
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rhesus), (Sherrington.) 

10, 11, 12, areas of lower dorsal nerves ; 1 — 7, areas of lumbar nerves ; 8 — 11, areas of saci-al and 
^^'^dal nerves. Of the seven lumbar nerves in this monkey, the second and seventh correspond 
r^^^pectively to the first lumbar and first sacral nerves of man. The overlapping of the skin-fields is not 
^^^icated. The ari-angemcnt is the same on the dorsal and ventral aspects. 

The following rules have accordingly been formulated by Herriugham from his 
^V^servations on the nerves of the upper limb, and have been confirmed by Paterson 
*Oi the lower limb : — 

A. Of two spots on the shiny that which is nearer t/ie p'eaxial border tends to be 
^t4pplied by the higher nerve. 

B. Of two spots in the preaxial area, the lower tends to be supplied by the lower 

Fig. 225. — Segmbhtal cutaneous aueas from the first dorsal to thb fourth saobal, as 

DETERMINED BT CLINICAL AND PATHOLOGICAL OBSEBVATIOMS IK MAN. (Head.) 

t 

On the right side of the figures the areas are marked by different colours and modes of shading; on 
the leftside the " maximum spots " (seat of most marked tenderness and pain) of the areas are shown. 
The several donuJ, lumbar and sacral areas are indicated each by the initial letter followed by a number. 

In O, C 7 is the seventh cervical spine, 3 to 12 are the corresponding dorsal spines, and L 1 to 4 are 

lumbar spines. 
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nerve, and of two spots in the poslaxieU area, the lower tends to be supplied hi/ the Itighe 

nerve. 




In the upper limb, as is shown in fig. 221, the ahoaldcr ia sopplied by offs< 
of the ccrrical plexos, proceeding from the third and fourth cervical nerr' 
the preBxifti side of the limb, extending from the outer aide of the shoulder to t 
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lb, ifi supplied by the fifth and sixth cervical nerves ; and the postaxial side, 
the h'ttle finger to the axilla, by the eighth cervical and first and second dorsal 
3S. The seventh cervical nerve does not become superficial on the ventral 
:t until the hand is reached, although on the dorsal aspect it appears earlier in 
ower external cutaneous branch of the musculo-spiral, but here it is probably 
ibuted to the lower part of the area of that nerve. The digits are supplied 
le sixth, seventh, and eighth cervical, and first dorsal nerves, in this order, 
the radial (preaxial) to the ulnar (postaxial) side. 

n the lower limb (figs. 222 and 223) the skin of the hip receives its nerves from 
ateral cutaneous ofiset^ of the last dorsal and first lumbar nerves, and from the 
jrior primary divisions of the lumbar and sacral nerves, while the anterior 
ion of the first lumbar nerve reaches the upper part of the thigh in front. The 
B8 of the preaxial and postaxial borders of the limb are not so readily traced as in 
case of the upper limb, owing to the displacement which has taken place with 
narked rotation of the lower limb during development, and the great extension 
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. 227. — The siqmental cutaneous areas from the second to the fifth lumbar. (Head.) 

he second lumbar area is marked in cmas lines, the third in Ycrtical lines, the fourth with circlefl, 
>he fifth with dots. 

le area supplied by dorsal branches of the limb-nerves, with a corresponding 
iction of the ventral area. The preaxial border may be represented by a line 
wing the course of the internal saphenous vein from the groin along the inner 
ler of the sartorius to the knee, and thence along the inner border of the tibia to 
ankle and inner border of the foot ; and the postaxial border by a line running 
I the coccyx along the lower border of the gluteus maximus, thence down the 
ero-lateral aspect of the thigh to the back of the head of the fibula, and descend- 
along the leg over the external malleolus to the outer border of the foot (Paterson). 
ig the preaxial border, as thus defined, are the second, thiid, and fourth lumbar 
'es, while along the postaxial border are found the first, second, and third sacral, 
ill be observed that both of the lines are overstepped to some extent by nerves 
iorsal origin, and that the area supplied by ventral nerves is reduced to a strip 
g the postero-intemal part of the thigh, over but not completely covering the 
string and adductor muscles, and along the back of the leg, but spreading out 
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in the foot to the whole breadth of the sole. The fifth lumbar nerve does not 
become cataneous on the ventral aspect until the sole is reached, but in the dorsal 
nerves it appears earlier in the lateral cutaneous branch of the peroneal. The toes 
are supplied by the fourth and fifth lumbar, and the first and second sacral nerves, 
in this order, from the preaxial to the postaxial side. / 

The disposition of the cataneous areas of the segmental nerves in the limb, as determined 
by Sherrington for the pelvic limb of the monkey, is shown diagrammatically in fig. 224. The 
several fields are seen to be arranged in reg^ular order along a line continued outwards from the 
dorsal or ventral median line of the trunk, over the corresponding surface of the limb, and form- 
ing a kind of secondary axial line for the latter. The fields of the preaxial nerves constitute 
a descending series along this line, the sixth lumbar field spreads from the end of the axial 
line to the extremity of the limb, and the fields of the postaxial nerves, less numeroui* 
than the preaxial, form an ascending series. The arrangement of the cutaneous nerves doeti 
not agree with that of the motor nerves of the limb, which supply each a continuous band 
running parallel to the limb-axis from the trunk to the free border of the limb. The muscles 
of a given part of the limb and the overlying integument are, therefore, not necessarily 
supplied by the same segmental nerves (Sherrhigton). 

Figures 225, 226 and 227 represent the '* segmental areas'* of the skin over the trunk and 
limbs as determined by Head from clinical observations. These areas are, however, not the 
regions supplied by the respective posterior spinal nerve-roots, but represent rather the parte 
of the skin in connection with the segments of the grey matter of the spinal cord by means 
of fibres subserving the sensations of pain, heat, and cold, but not touchy They differ 
strikingly from the areas of the posterior nerve-roots in not overlapping, except to a small 
extent in the neck and upper limbs, whereas the root-areas overlap so much that there is no 
loss of tactile sensation after division of a single posterior root (Sherrington, Head). It may 
also be pointed out that the areas as designated by Head do not always agree with the distri- 
bution of the corresponding nerves as determined anatomically. Thus, the area marked D 3 
on the inner side of the arm corresponds rather to the brachial distribution of the second 
dorsal nerve through its intercosto-humeral branch and the communication with the nerve of 
Wrisberg, while the third dorsal nerve does not usually contribute largely to the supply of the 
arm. Similarly, the areas marked D 11, D 12, and L 1, would seem on anatomical grounds, as 
well as from observations in cases of injury, as shown by Thorbum, to correspond more 
nearly to the twelfth dorsal and first and second lumbar nerves. It is therefore possible that 
while the general arrangement and distribution of the segmental areas, as well as Uieir 
visceral associations, have been in principle correctly recognized by Head, some modification 
in the details of limitation and enumeration of these areas may be rendered necessary by more 
extended observations. 

SBNBOBT DISTBIBnTION OF THS SFINAIj NUBYBB TO TflS VIBOXRA. 

There is strong reason for believing that the thoracic and abdominal viscera are supplied 
with sensory fibres derived from the spinal nerves, and passing through the sympathetic. In 
the dog Edgeworth has traced mednllated fibres of medium size, which he regards as sensory, 
from the posterior roots of the spinal nerves into the sympathetic, and thence to the several 
viscera ; and his results are generally in close agreement with the inferences drawn 
from clinical observations in man (Head), although their accuracy in some partjcnlars v 
disputed by Langley. Eolliker also recognizes medullated sensory nerve-fibres passing without 
interruption from the posterior roots of spinal nerves through the sympathetic to the 
viscera. Indirect evidence as to the source of these fibres is furnished by the seat of 
'* referred pain " in affections of the several organs. According to the hypothesis of Ross, 
the pain is referred in such cases to parts supplied by somatic sensory fibres having their origin 
from the nerves in which the sensory fibres of the affected viscus are contained, owing 
to diffusion of the irritation conveyed by the latter fibres in the corresponding segment of the 
grey matter of the spinal cord. The following table, taken from Head, shows the probable 
origin of the sensory fibres of the different organs : — 

Heart. — 1, 2, 3 dorsal. 
' Lungs. — 1, 2, 3, 4, 6 dorsaL 

Stomach* — 6, 7, 8, 9 dorsal. Cardiac end from 6, 7. Pyloric end from 9. 

Intestines. — (a) Down to upper part of rectum, 9, 10, 11, 12 dorsaL (6) Rectum, 2, 3, 4 
sacral. 

Liver and Gall-Bladder.— (6 ?), 7, 8, 9, 10 dorsal. 

Kidney and Ureter.— 10, 11, 12 dorsal. Upper part of ureter, 10 dorsaL At lower end of 
ureter, 1 lumbar tends to appear. 

Bladder. — (a) Mucous membrane and neck of bladder, (1), 2, 3, 4 saoral. (h) Ovei^ 
distension and ineffectual contraction, 11, 12 dorsal, and 1 lumbar. 



MUSCULAR DISTRIBUTION. 351 

Profltate.— 10, 11, (12) dorsal, 

1, 2, 3 sacral, and 5 lumbar. 
Epididjrmis. — 11, 12 ^oraal, and 1 lumbar. 
Testis.— 10 dorsal. 
Ovary. — 10 dorsal. 

Appendages, &c. — 11 and 12 dorsal, 1 lumbar. 

Uterus. — (a) In contraction, 10, 11, 12 dorsal, and 1 lumbar. (*) Os uteri, (I), 2, 3, 4 
ttoral (5 lumbar yery rarely). 
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S'SirOPSIS OF THE MUBCUIiAB DISTBIBUTION' OF THS CEBEBBO- 

sphtaii nebvbs. 

I. To muscles of the head and fore part of the neck. — The muscles of the orbit 
^»^ mostly supplied by the third cranial nerve — the superior division of that nerve being 
distributed to the levator palpebrsB and the superior rectus muscles, and the inferior 
^vision to the inferior and internal recti and the inferior oblique. The supeiior 
oblique muscle is supplied by the fourth nerve, and the external rectus by the sixth ; 
'^Me the tensor tarsi has no special nerve apart from those of the orbicularis 
palpebrarum, which are derived from the facial. 

The superficial muscles of the face and scalp, which are associated in their action 
^« a group of muscles of expression, together with the buccinator muscle, are supplied 
^y the seventh cranial nerve, the retrahens auriculam and occipitalis muscles being 
supplied by its posterior auricular branch. 

The deep muscles ofthsface employed in mastication, viz., the temporal, masseter, 
*^id two pterygoid muscles, are supplied by the inferior maxillary division of 
*^he fifth craniaJ nerve. 

Muscles above the hyoid bone. — The mylo-hyoid muscle and anterior belly of the 
^^gBstric are supplied by a branch of the inferior maxillary division of the fifth cranial 
^©rve ; the posterior belly of the digastric muscle and the stylo-hyoid (together with 
'^« stapedius muscle) are supplied by branches of the facial. The muscles of the 
J^^gue receive their nervous supply from the hypoglossal nerve ; and the genio- 
*^yoi<i muscle is supplied (like the infrahyoid muscles) by the upper cervical nerves. 

The muscles ascending to the hyoid bone and larynx, viz., the stemo-hyoid, omo- 
hyoid, and stemo-thyro-hyoid, are supplied from the upper cervical nerves through 
^^eir communications with the hypoglossal nerve and the ansa cervicalis. 

B 2 
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The larynx^ pharynxy and soft palate. — The crico-thyroid muscle is supplied tP^J 
the external laryngeid branch of the pneamo-gastric nerve, and the other intrinsf ^ 
muscles of the larynx by the recurrent laryngeal. The constrictors of the pharya^ 
are supplied mainly by the bulbar part of the spinal accessory nerve through tbc 
pharyngeal branch of the vagus and the pharyngeal plexus ; and the levator palati, 
azygos uvulae, palato-pharyngeus, and palato-glossus are innervated from the same 
source. The stylo-pharyngeus, and possibly the middle constrictor in part, are 
supplied by the glosso-pharyngeal. The tensor palati is supplied through the otic 
ganglion by the inferior maxillary division of the fifch nerve (and the tensor tympaui 
is supplied in the same way). 

2. To miiflclas belonging ezclnsiTaly to the tmnk, and mneclM 
aaoending to the skull. — All those muscles of fhe back which act upon the spine 
and head, viz., the splenius, complexus, erector spinas, and the muscles more deeply 
placed, receive their supply from the posterior divisions of the spinal nerves. 

The stemo-mastoid is supplied by the spinal accessory nerve and a twig of the 
cervical plexus coming from the second cervical nerve. 

The rectus capitis anticus minor SLud rectus capitis lateralis are supplied by the 
first cervical nerve, the rectus capitis anticus major by the upper four cervical nerves; 
the longus colli and scaleni receive twigs from nearly all the cervical nerves. 

The muscles of the chest-wall, viz., the intercostals, subcostals, leTatores 
cofitarum, serrati postici, and triangularis stemi, are supplied by the intercostal 
nerves. 

The obliquif transversalis, and rectus of the abdomen are supplied by the lower 
six to eight intercostal nerves ; and the internal oblique and transverse muscles also 
get branches from the first lumbar nerve. The cremaster muscle is supplied by the 
genital branch of the genito-crural nerve (1, 2 /). 

The quadratus lumlorum receives small branches from the last dorsal and upper 
one or Jbwo lumbar nerves. 

The diaphragm receives the phrenic nerves from the fourth and fifth cervical 
nerves, branches from the lower intercostal nerves, and likewise sympathetic filaments 
from the plexuses round the phrenic arteries. 

The muscles of the urethra andpeni^ are supplied by the pudic nerve (2, 3, 4 <), 
the levator and sphincter ani by the pudic and the fourth sacral nerves ; and the 
coccygeus muscle by the fourth and fifth sacral nerves. 

3. To mnscles attaching the npper limb to the trunk. — The trapezius and 
the cleido-mastaid receive the distribution of the spinal accessoiy nerve, and, in union 
with it, offsets from the cervical plexus. 

The latissimus dorsi receives the long subscapular nerve (7, 8 c). 

The rhomhoidei are supplied by a branch from^the fifth cervical nerve. 

The levator anguli scapuke is supplied by branches from the third aud fourth 
cervical nerves, and partly also by the branch to the rhomboid muscles. 

The serratus magnus has a special nerve, the posterior thoracic, derived from 
the fifth, sixth, and usually the seventh cervical nerves. 

The subclavius receives a branch from the place of union of the fifth and sixth 
cervical nerves. 

The pectoraUs are supplied by the anterior thoracic branches of the brachial 
plexus, the larger muscle usually receiving fibres from the lower four cervical and 
first dorsal nerves, and the smaller from the last two cervical and first dorsal. 

4. To mnscles of the npper limb. — Muscles of the shoulder, — The supra- 
spinatus and infraspinatus are supplied by the suprascapular ner^^e (5, 6 c) ; the 
subscapularis by the upper and lower subscapular nerves (5, H c) ; the teres major 
by the lower subscapular (5, 6 c) ; and the deltoid and teres minor by the circumflex 
nerve (5, 6 c). 
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Posterior muscles of the arm and forearm. — The triceps (7, 8 r), anconeuB 

(7, 8 r), sapinator longns (6 c), and extensor carpi radialis longior (6, 7 e) are 

^tipplied by direct branches of the mnsculo-spii'a] nerve ; while the extensor carpi 

^ialis brevior (6, 7 c\ the supinator brevis (6 r), and the other extensor muscles in 

the forearm (7 c) receive their branches from the posterior interosseous division of 

that nerve. 

Anterior muscles of the arm atid forearm. — The coraco-brachialis is supplied by 
at^ seventh cervical nerve, and the biceps and brachialis anticus by the lifth and 
sixth cervical nerves through the muscnlo-cutaneous trunk ; the brachialis anticus 
likewise receives a twig fi-equently from the musculo-spiral nerve (6 c). The 
muscles of the front of the forearm are supplied by the median nerve, with the 
(exception of the flexor carpi ulnaris and the inner half of the flexor profundus 
jigitorum, which are supplied by the ulnar nerve. The offsets to the pronator tera 
knd flexor carpi radialis are derived from the sixth cervical nerve, those to the flexor 
mblimis digitorum from the seventh and eighth cervical and first dorsal nerves, and 
iiose to the flexor carpi ulnaris, flexor longus poUicis, flexor profundus digitorum and 
pronator quadratus from the eighth cervical and first dorsal nerves. 

Muscles of the hand, — The abductor, opponens, and outer head of the flexor 
>revis poUicis are supplied by a branch of the median nerve (6, or 6 and 7 c). The 
nmbricales (7, 8 c, 1 £/) receive their branches, the outer two from the median, and 
;he inner two from the ulnar nerve. All the other muscles are innervated through 
he ulnar from the eighth cervical nerve. 

5. To musclas of the lower limb. — Muscles of the hip, — The ilio-psoas is 
(applied by the second and third lumbar nerves, the branches to the iliacus being 
^ven olffrom the anterior crural. The gluteus medius and minimus and the tensor 
raginse femoris are innervated by the superior gluteal (4, 5 /, 1 «). and the gluteus 
naximus by the inferior gluteal (5 ^, 1, 2 s). The pyriformis (1, 2 «), quadratus 
'emoris and inferior gemellus (4, 5 /, 1 s), and obturator internus with the 
mperior gemellus (5 /, 1, 2 s\ receive special branches from the sacral plexus. 
The obturator extemus is supplied by the obturator nerve (3, 4 Z). 

Muscles of the thigh. — The sartorius (2, 8 Z)» pectineus (2, 3 /), and quadriceps 
ixtensor cruris (3, 4 Z) are supplied by the anterior crural nerve. The adductor 
ongus (2, 8 A, gracilis (2, 8, 4 /)> adductor brevis (2, 8, 4 /), and adductor magnus 
3, 4 T) are supplied by the obturator nerve, but the adductor magnus likewise 
-eceives a branch (4, 5 /) from the internal popliteal division of the great sciatic 
lerve. The hamstring muscles are supplied by branches of the great sciatic nerve, 
:.he semimembranosus (4, 5 /, 1 «), semitendinosus (5 Z, 1, 2 «), and long head of 
;he biceps (1, 2, 8 s\ receiving their branches from its internal popliteal division, 
md the short head of the biceps (5 /, 1, 2 s) from its external popliteal division. 

Anterior muscle of the leg and foot. — The muscles in front of the leg, together 
ivith the extensor brevis digitorum, are supplied by the anterior tibial nerve 
% 5 Z, 1 s). 

The peroneus hngus and hrevis are supplied by the muscnlo-cutaneous 
lerve (4, 5 Z, 1 s). 

Posterior muscles of the leg. — The gastrocnemius (1,2 5), plantaris (4, 5 Z, 1 «), 
jopliteus (4, 5 Z, 1 «), and soleus (5 Z, 1, 2 «) are supplied by the internal popliteal 
lerve, the last muscle receiving also a second branch (1, 2 s) from the posterior 
ibial nerve. The flexor longus digitorum (5 /, 1 «), tibialis posticus (5 Z, 1 «), and 
lexer longus hallucis (5 Z, 1, 2 «) derive their nerves from the posterior tibial. 

Plantar muscles. — The flexor brevis digitorum, the abductor and flexor brevis 
lallucis, and the innermost lumbricalis are supplied by the internal plantar 
lerve (5 Z, 1 s) ; all the others, including the flexor accessorius and interosseous 
nnscles, are supplied by the external plantar nerve (1. 2*). 
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MUSOUItAB DIBTRIBnTION OF THX SFINAIj NXRVXB. 

The statements made in the foregoing synopsis, and in the following lists of the 
muscles supplied by each spinal nerve, are based mainly upon dissections and 
pathological observations in man, but in part also upon physiological experiments in 
the monkey. Owing to the difficulties of these investigations, and the hmited 
number of observations that have as yet been made, there is still some uncertainty 
as to the exact supply of some of the muscles of the limbs, where the nerves 
arc mingled in plexuses before passing to their distribution, and especially as to the 
range of individual variations. 

In the case of the short trunk-muscles, which are derived from a single 
myomere, the nervous supply is single, coming from the nerve of that segment. In 
more extended muscles, which are formed by the fusion of portions of several 
segments, the nervous supply is correspondingly multiple, ^though there is at times 
a redaction in the number of nerves in comparison with the segments from which 
the muscle appears to have been derived, e.g,y in the quadratus lumborum and 
complexus. In the limbs the segmental arrangement of the muscles and nerves is 
obscured ; but with regard to the general disposition it may be stated that most if 
not all of the muscles are supplied from more than one spinal nerve, and that the 
muscles on the preaxial side of the limb tend to be supplied by higher nerves than 
those on the postaxial side. 

From the lists it will be seen that muscles of different action are often supplied 
from the same nerve-roots. Terrier and Yeo concluded from their experiments in 
the monkey that the muscles called into action by the stimulation of a single nerve- 
root entering into the brachial or crural plexus form a group executing some definite 
co-ordinated movement of the limb, but Sherrington, in numerous observations on 
the same animal, failed to find evidence of such an association. Bisien Russell, 
while supporting Ferrier and Yeo as to the co-ordination, also points out tha^ (in 
the dog) when antagonistic muscles are represented in the same nerve-roots, one 
group predominates in one root and the opposite group in another root. Similarly, 
in man, at least for the larger joints of the limbs, the muscles producing the chief 
movements in opposite directions are mainly represented at different levels. Thns, 
the abductors of the shoulder are innervated mainly by the fifth cervical root, and 
the adductors by the sixth and seventh ; the flexors of the elbow are supplied mainly 
through the fifth and si.y th cervical nerves, and the extensors through the seventh and 
eighth ; the extensors of the wrist predominate in the seventh, and the flexors in 
the eighth cervical and first dorsal nerves. So also in the lower limb, the flexors of 
the hip are represented mainly in the second and third lumbar nerves, and the 
extensors in the fifth lumbar and first and second sacral ; the adductors in the third 
and fourth lumbar, and the abductors in the fifth lumbar and first sacral nerves ; 
the flexors of the knee in the fifth lumbar and first and second sacral nerves, and the 
extensors in the third and fourth lumbar. 



TABLX OF THS inTSOUDB 8UPFI«IXD BY THZ BEVXRAIj BPINAIj NSBTEB. 

NbBVB. AxTKRIOR DiviBIOV. FoHTBEIOB D1VI8IOM. 

Ist oervical . . Rectus lateralis, Bectns anticus minor and major, Rectus posticus major and 

Qenio-hyoid, Infrahyoid muscles. minor, Obliquus superior 

and inferior, Complexus. 
2ad cervical . . Rectos anticus major, Longus colli, Stemo-cleido- Obliquus inferior, Com- 

mastoid, Genio-hjoid, Infrahyoid muscles. plexus, Splenius, Tra- 

chelo-mastoid. 
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Nebvk. 
3id cervical 



4th cervical 



oth cervical 



6th cervical 



7th cervical 



8th cervical 



Ist dorsal . 



2iid dorsal 

:M dorsal . 
(th dorsal . 
i>th dorsal . 
Oth dorsal . 

7th dorsal . 
8th dorsal . 

Oth dorsal. 
10th dorsal 
1 1th dorsal 

12th dorsal 



1st lumbar 
2iid luinhar 



\ 



Akterior Divisiok. 
Rectus anticus major, Longus colli, Infrahyoid 
muscles, Scalenus medius, Levator scapulae, 
(Stemo-cleido-mastoid),^ Trapezius, (Dia- 
phragm). 
Rectus antious major, Longus colli. Scalenus 
medius (and anticus), Diaphragm, Levator 
scapulsd, Trapezius. 

Longus colli, Scaleni, (Diaphragm) . Levator sca> 
pulsB, Rhomboidei, Serratus magnus, Sub- 
clavius, Supraspinatus, Infraspinatus, Teres 
minor, Subecapularis, (Teres major). Deltoid, 
(PectoraliB major). Biceps, BrachiaUs anticus. 

Longus colli, Scaleni, (Subclavius), Serratus 
magnus, (Supraspinatus, Infraspinatus, Teres 
minor), Subecapularis, Teres major. Deltoid, 
Pectoralis major, Biceps, Brachialis anticus. 
Pronator teres, Flexor carpi radialis. Supi- 
nator longus and brevis, Extensores carpi 
radiales, Abductor, Opponens and Flexor 
brevis pollicis. 

Longus colli ,Scalenusmedius,(Serratus magnus), 
Pectoralis major and minor, Latissimus dorsi, 
(Teres major), Coraoo-braohialis, Triceps 
biachii, Anconeus, Flexor sublimisdigitorum, 
(Flexor profundus digitorum. Flexor longus 
pollicis, Pronator quadratus), Extensores 
nidiales, Extensors of digits, Extensor carpi 
ulnaris, (Abductor, Opponens and Flexor 
brevis pollicis). 

Longfus colli, Pectoralis major and minor, 
Latissimus dorsi. Triceps brachii, Anconeus, 
Flexors of digits. Flexor carpi ulnaris, Pro- 
nator quadratus, Adduotores pollicis, Inter- 
ossei, Abductor, Flexor brevis and Opponens 
minimi digiti. 

Pectoralis major and minor, Flexors of digite, 
Flexor carpi ulnaris, Pronator quadracus, 
Intercostales, Levator costas, Serratus pos- 
ticus superior. 

Intercostales, Levator costae, Serratus posticus 
suiwrior, (Triangularis stemi). 

Intercostales, Levatores oostarum, Senatus 
posticus superior. Triangularis stemi. 

Intercostales, Levatores costanun. Triangularis 
stemi, Obliquus extemus. Rectus abdo- 
minis. 

Intercostales, Levatores costanun, Subcostales, 
Obliquus extemus, Obliquus intemus, 
Transversalis abdominis, Rectus abdominis. 

Intercostales, Levatores oostarum, Subcostales, 
Serratus posticus inferior, Obliquus extemus, 
Obliquus intemus, Transversalis abdominis, 
Rectus abdominis. 

(Quadratus lumborum), Obliquus extemus, 
Obliquus intemus, l^ransversalis abdominis, 
Rectus abdominis, Pyramidalis. 

(Quadratus lumborum, (Obliquus intemus, 
Transversalis abdominis), Cremaster. 

(Quadratus lumborum), Cremaster, Psoas 
magnus, (Psoas parvus), Iliacus, Pectineus, 
Adductor longus. Adductor brevis, Gracilis, 
Sartorius. 



Posterior Division. 



Complexus, Transverso- 
spinales, Splenius, Ercc< 
tor spinas. 



Transverso-spimdes, Erec- 
tor spinas. 



> Names enclosed in parentheses indicate that the muscles are not always supplied from the nerve- 
root in question. 



>56 



MUSCULAR DISTRIBUTION OP SPINAL NBRYao. 



Nebve. 
3zd lumbar 



Akteeiok Division. 



PoeTEEIOB DiVUIOS. 



4tli Inmbar 



6th lumbar 



Ist sacral 



2nd sacral 



3rd sacral 



Multifidus 
spine. 



spinae. Erectoi 



. Psoas magnus, IliacuSf Pectineus, Adductor 

longxLB, Adductor brevis, Adductor ma^us, 

Oracilis, Obturator extemns, Sartorius, 

Quadriceps. 
. (Psoas magnus), Adductor brevis, Adductor 

magnuS) G-racilis, Obturator extemus, 

Quadriceps, Gluteus medius and minimus, 

Tensor vaginsB femoris, (Oluteus mazimus, 

Obturator intemus), Quadratus femoris, 

Semimembranosus, (Deep muscles of back of 

leg). Muscles of front and outer side of leg. 

Extensor brevis digitorum. 
. (Quadriceps), Adductor magnus, Gluteus 

maximus, medius and minimus, Tensor 

vaginiB femoris, (Pyriformis), Quadratus 

femoris. Obturator intemus. Hamstrings, 

Muscles of leg (except gastrocnemius). 

Extensor brevis digitorum, Inner muscles of 

sole. 
. Gluteus maximus, medius and mini- 
mus, Tensor vaginie femoris, Pyriformis, 

Obturator intemus, Quadratus femoris, 

(Adductor magnus). Hamstrings, Muscles of 

leg and foot. 
. Gluteus maximus, (Gluteus medius and minimus. 

Tensor vagfins femoris), Pyriformis, Obtu- 
rator intemus, Semitendinosus, Bicei)8, 

(Muscles of front of leg, Peronei), Gastro- 
cnemius, Soleus, Flexor longfus hallucis, 

(Flexor longus digitorum. Tibialis posticus), 

Outer muscles of sole, Perineal muscles. 
. (Pyriformis),Bioeps, long head, (Gastrocnemius, 

Soleus, Muscles of sole), (Levator ani, 

Coocygeus), Perineal muscles. 
4th sacral . . . Levator ani, Coccygeus, Perineal muscles, 
oth sacral . . . (Gocoygeus). 

The unstriped muscles of the viscera and other parts are also under the influence of 
fibres derived from the cerebro-spinal nerves. These will be referred to in the description of 
the sympathetic. 
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THE SYMPATHETIC XERVES. 
Tea of the sympathetic Bystem are distributed to the intem&l viscera. 
h other glandular organs of the bod}', to the heart and blood-vessels. 



(AIICD 



) 



ismption ol thin Ggura will be found ikt p. 27^. 
{fat aide the foUowing Istlen indieate partH of the 
lerves. Tit, — a, mperior cervical gangUon, com' 
lb the upper cenical apinal nerrcs, and coutiDued 
s great njmpathetic cord ; 6, middle cerrical ging- 
rer certical ganglion anited with the fint donial ; 
inai ganglion ; from the sixth to the ninth dorsal 
jinsof the great eplanchnic nerre are shown, and from 
It of the small aplaucbnic nerre ; I, first lumbar 
irst sacral ganglion. In the whole extent of thesym- 
be tviga of union with the spinal nerrea are shown, 

nnstriped maecles of the body generally. 
is, however, receive nerves also from the 

al system directly, as the lungs, the heart, 
)per and lower parts of the alimentary 
those viscera which are not supplied 
this way receive fibrea derived originally 
o-spinal nerves through their sympathetic 

ision of the nervous system consists of a 
implicated collection of ganglia, cords and 
i parts of which may, for convenience, be 

two groups, viz., the principal gangliated 
the great prevertebral plexuses, with the 
edingfromthem. Thegangliaof union with 
3S, viz., the ciIiary,spheno-pslatine, otic, and 
Y ganglia, which agree in their connections 
re with the ganglia of the sympathetic 
'e already been d&scribed in connection 
h nerve. 

udationof the sympathetic is constituted 
ted fibres, for the most part of very small 
nd less), which pass by means of the whiie 
nkanies from certain of the cc re bro -spinal 
the cords and ganglia of the sympalhetic- 
of the fibres terminate in arborisations 

cells of the ganglia of the great sympa- 

{vertebral or lateral ganglia of Haskell), 
B, which frequently run for a variable 
her upwards or downwards in the cord, 
rami efferenles to the prevertebral plexuses, 
may end similarly in the ganglia of those 
evertebral or collateral ganglia, Oaskell), or 

continued on to che secondary plexuses, Ui 
I the ganglia close to or in the organs 
rminal ganglia, Gaskell). Some of the 

fibres also pass through the several i 
the viscera or other parts without being 
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interrapted in any of the ganglia above mentioned. From the cells of the ganglia 
other fibres, in great part if not entirely non-mednllated, arise. These are the 
proper sympathetic fibres. They run partly in the grey rami communicunies to the 
spinal nerves, partly in the rami efferentes and the offsets of the collateral and 
terminal ganglia to their altimate distribution. 

The great gangliated cords (trunci sympathici) are two in number, and 
each consists of a series of ganglia {(ganglia trunci sympathici)^ united by short 
intervening cords, sometimes double. These gangliated cords are placed symmetri- 
cally, partly in front, and partly on the side, of the vertebral column, extending 
from the base of the skull to the coccyx. Superiorly they are connected with 

Fig. 229. — Scheme of the stmpathetic cord and its coyHBcrioss 

WITH THE SPINAL NERVES. (G. D. T.) 

Medallated fibres passing into and through the sympathetic conl 
are represented by continuous lines, pale fibres arising from the 
sympathetic ganglia by dotted lines. 

plexuses which enter the cranial cavity, while inferiorly 
they converge on the sacrum, and terminate in a loop on. 
the coccyx. The several portions of the cords are dis- 
tinguished as cervical, dorsal or thoracic, lumbar, an 
sacral, and in each of these parts the ganglia are equa ^^ 
in number, or nearly so, to the vertebrae against whicL::=i 
they lie, except in the neck, where there are only three. 
Connection of the gangliated cords with th< 
cerebro-spinal system. — The ganglia are several! 
connected with the anterior primary divisions of th 
spinal nerves in their neighbourhood by short filamenti^ ^ 
called rami communicanies, which are of two kinds, whit^^*^ 
and grey, the former consisting mainly of medullatecz^^ 
fibres, and the latter of pale fibres. In some cases th 
are separate branches ; in others they are united in ou 
cord, which then consists of a white and a grey 
As a rule, the communicating branches join the ganghaR- a 
of the sympathetic trunk, but sometimes they unite witi 
the part of the cord connecting adjacent ganglia. 

White rami commnnicantes are composed, 
stated above, mainly of very fine medullated fibres passin 
from the spinal nerves to the sympathetic cord. Th 
fibres proceed from both roots of the spinal nerves, bu 
to a greater extent from the anterior. It is probable th 
the fibres derived from the posterior roots are for t 
most part afferent, but it has been shown by v. Lenhoss^k and others in the chi 
that the posterior roots also contain fibres which spring from cells of the spinal cai 
and are believed to enter the sympathetic (Kcilliker). These fibres have, howev^ 
as yet not been observed in mammals, and Sherrington in the cat and monkey fail 
to find evidence of any fibres in the posterior roots arising fi'om cells of the spi^ 
cord. Some of the medullated fibres are continued over the ganglia of the cord 
enter the efi'erent branches ; others end in the ganglia, often ascending or descendi 
for a considerable distance in the cord to reach ganglia at a higher or lower le 
than that of the communicating branch by which they pass to the sympathet> 
The individual fibres also which terminate in the cord are not necessarily confiis^ 
to one ganglion. According to Langley and Anderson, a single fibre may se 
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branches to several (about foar) ganglia. In this way the fibres contained in one 
commnnicating branch may have a wide distribution in the sympathetic. 

White rami commnnicantes are not furnished by all the spinal nerves. 
According to Gaskell, by whose investigations the fundamental constitution of the 
sympathetic and its relations to the cerebro-spinal nerves were first made clear, they 
are found in the dog from the second dorsd to the second lumbar nerve inclusive ; 
but Langley has shown that in the dog and cat white rami commnnicantes are 
given off by the spinal nerves from the first dorsal to the fourth lumbar, and in the 
rabbit from the first dorsal to the fifth lumbar inclusive. In man it is most 
probable that they exist from the first dorsal to the first or second lumbar nerves, 
perhaps also the third in some cases. The visceral branches of the second, third, 
aud fourth sacral nerves {pelvic splanchntcs of Gaskell) correspond to white 
rami commnnicantes, although they do not join the sympathetic cord, but pass 
directly to the prevertebral plexuses ; and in this group also are to be included the 
visceral branches of the spinal accessory, vagus, glosso-pharyngeal, and facial nerves 
{cerviohcranial rami viscerales, Gaskell), as well as the short root of the ciliary 
ganglion from the third nerve. 

The medullated fibres pa8sin«r into the sympathetio system are classified by Kolliker as 
follows : — 

(a) Sensory fibres which, when derived from spinal nerves, run in the posterior roots. 

(h) Vaao- and viBcero-constrictora, proceeding from certain cranial (IX, X, XI) and 
spinal nerves, mainly from the anterior roots of the latter, bat possibly also from thn 
|x»terior roots. These fibres all end in ganglia of the sympathetic, and their action 
in tnnsmitted through pale fibres springing from the cells of the ganglia.* 

(e) Vaao-dilatora and visoero-inhibltory nerves, given off from the above-mentioned 
cranial nerves, and the anterior roots of spinal nerves. They are continued as medullated 
fibres, not forming any connection with nerve-cells, to their respective organs. 

The existence of special trophic and secretory fibres in the sympathetic is as yet uncertain. 

Or«y rami commnnicaiites are found passing between the sympathetic cord and 
all the spinal nerves. Their pale fibres arise wholly from the nerve-cells of the ganglia 
of the sympathetic cord, and for the most part from the ceUs of the ganglion with 
which the branch is connected. Pale fibres arising from the cells of one ganglion, 
and running along the cord to leave by the grey ramus of the next ganglion, only 
occur exceptionally (Langley). On entering the anterior primary division of 
a spinal nerve, the fibres of the grey ramus are directed both peripherally and 
centrally. Of those passing centrally, some go off in the posterior primary division 
of the nerve, others enter the sheath of the nerve, the surrounding tissue in 
the intervertebral foramen, and the dura mater, running up to the latter in 
the posterior root. In the whole of the anterior root, and in the intradural portion 
of the posterior root, there are no pale fibres (Gaskell). The fibres passing distally 
in the anterior and posterior primary divisions of the spinal nerves have been 
sho^vn, by experiments on animals, to supply vaso-motor nerves to che arteries of the 
body-wall and limbs, pilo-motor fibres to the muscles of the hairs, and secretory 
fibres to the sweat-glands. 

Intermixed with the pale fibres in the grey rami commnnicantes there are also a 

^ To this group must also be added the pilo-motor ner7e8, which have been shown by Langley 
and Sherrington to have a similar arrangement, as well as probably the motor nerves of the sphincter 
muscle of the iris, which pass from the third nerve through the ciliary ganglion. The last, however, 
present the peculiarity that the fibres of the short ciliary nerves arising from the cells of the ciliary 
ganglion are medullated. 

It may also be observed here that doUbt is thrown by Langley upon the universal validity of the lule 
that fibres passing from the oerebro-spinal nerves to the sympathetic are medullated until they reach the 
ganglion in which they end, while the fibres arising from the gangliou-cells are always non*medullated. 
He thinks that spinal fibres sometimes lose their medulla some distance before reaching the cells 
amongst which they end, and on the other hand that fibres proceeding from sympathetic ganglion-cells 
may in some cases be medullated, like the short ciliary nerves. He also considers it probable that a 
g^iren fibre in the sympathetic is interrupted by a nerve cell in one ganglion only. 
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few mednllated fibres of varying size, even in regions where distinct white rami iii 
not exist (Langley), 

From each grey ramus a filament is given off to join the recnrrent branch of 




TloNs, (Hcnie.) 
1, Btyloiil procera ; '2, 
nriitA ; 3, grest coma I'f 
lifoiil bone, paibing np tlis 
poBWrior wall of thephaiyni ; 
4, n'auphaguH ; fi, tbymiil 
boily ; 8p, stylo-pharjDgciiH 

(jc, comnion cnrotid Arten : 



J.V, glos, 



irynK"! 



nerve ; X, Tagai ; Xll, byiw- 
;;1cb8h] ; c^ Gret cerviral ; 
<:-, eecond cerrical ; pi, pbi- 
rpigeal brsncb nf vngus ; (r.i, 
superior laryageiil ; d h. df 
KcendiDg ceTiicsl nerve ; 
li c t, superior ceriicsl gtig,- 
lion of Bjmpiithetic ; fi, a^■ 
tending brnnch ; j, jngubir 
lininch ; ct/i. Kiiperioicariliiu: 



the corresponding spinnl 
nerve, which is diatribn- 
ted in the interior of the 
spinnl canal (p. 27fi\ 
Other filaments pass over 
the bodies of the verti- 
brse, supplying the iii- 
tercoxtal and lumbar 
arteries, the ligamenU, 
and the bones. 

The portions of the 
sympathetic cord inter- 
vening between the 
ganglia are composed 
of a white and a grey 
part, the former, whicli 
is nsually the larger, 
consisting of medul- 
lated fibres continued 
from the white rami 
commnnicantes, and the 
latter of pale fibres, 
* which arise in the 

ganglia and run along the cord before entering the efferent branches. 

The rani •VermitaB are the branches proceeding from the gangliated cord tii 

the prevertebral plexnses, and likewise composed of medullated filires of spinal 

crigrn and pale fibres springing from the ganglia. 
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The great preverielmd plexuses comprise three lar^ aggregations of nerves, 
or nerves and ganglia, situated in front of the spine, and occupying respectively the 
thorax, the abdomen, and the pelvis. They are single and median, and are named 
respectively the cardiac, the solar, and the hypogastric plexus. These plexuses 
receive branches from the cerebro-spinal nerves, as well as from both the gangliated 
cords above noticed, and they constitu^ centres from which the viscera are supplied 
with nerves. 

CSBYICAL PAST OF THE OAHOLIATSD COED. 

In the neck, the gangliated cord is deeply placed behind the great cervical blood- 
vessels, being embedded in the fascia forming the back of the carotid sheath, and 
resting on the muscles which immediately cover the fore part of the vertebral 
column. It comprises three ganglia, the first of which is placed near the base of 
the skull, the second in the lower part of the neck, and the third close to the head of 
the first rib. 

UPPSR OSRVIOAIi GANGLION. 

This is the lai^est ganglion of the great sympathetic cord, 20 mm. or more long 
and 4 — 6 mm. wide. It is continued superiorly into an ascending branch, and 
tapers below into the connecting cord, so as to present usually a fusiform shape ; but 
there is considerable variety in this respect in different cases, the ganglion being 
occasionally shorter and broader than usual, and sometimes constricted at intervals. 
It has the reddish-grey colour characteristic of the ganglia of the sympathetic 
system. It is placed on the i*ectus anticus major muscle opposite the second and 
third cervical vertebrse, lying behind the inlernal carotid artery, and to the inner 
side of the vagas nerve. 

Connection with spinal nerves. — At its outer side, the superior cervical 
ganglion is connected with the first four spinal nerves by means of slender cords, 
which belong to the group of grey rami communicantes. The branches to the 
third and fourth nerves often pierce the rectus anticus major muscle ; and they may 
be given off from the upper part of the cord, instead of directly from the ganglion. 

The circumstance of this ganglion being* connected with so many as four spinal nerves, 
together with its occasionally constricted appearance, is favourable to the view that it may be 
regarded as consisting of several ganglia which have coalesced. 

The superior cervical ganglion is considered by Gaskell to be a distal or collateral ganglion. 
It receives its cerebro-spinal fibres, which constitute the eert^ical itplanehnic« of Gaskell, from 
the upper dorsal nerves, through the cervical part of the sympathetic cord. 

Connection with cranial nerves. — Small twigs connect the ganglion or its 
cranial cord with the lower ganglion of the pneumo-gastric, and with the twelfth 
cranial nerve, near the base of the skull ; and another branch (n. fugularia), which 
18 directed upwards from the ganglion, divides at the base of the skull into two 
filaments, one of which ends in the petrosal ganglion of the glosso-pharyngeal 
nerve ; while the other, entering the jugular foramen, joins the ganglion of the root 
of the pneumo-gastric. 

From the lower part of the ganglion a filament sometimes runs forwards and downwards 
to join the external laryngeal nerve. This branch is described as normal by many anatomists, 
bat according to Drobnik it is only exceptionally present. 

Besides the branches connecting it with cranial and spinal nerves, the first 
cervical ganglion gives off also the ascending branch, pharyngeal branches, the upper 
cardiac nerve, and branches to blood-veseels, as well as two or three filaments which 
pierce the prevertebral muscles to supply the upper cervical vertebras and their 
ligaments. 
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I. AtSCENDING BRANCH AMD CBANIAL PLEXU8E8. — The RSMSditV OF OBZOtid 

brandi of the first cervical gauglioii (n. carolicus mtemtis) is sofb in testure and of 
a reddish-grey tint, seeming to be in some degree a prolongation of the ganglion 
itself. In its course to the skull, it is concealed hj the internal carotid arterj, 
with nhich it enters the carotid canal in the tempoml bone, and it is then divided 
into two partfl, which are placed one on. the outer, the other on the inner side of the 
vessel. 

The exiernal divmoH distributes filaments to the internal carotid artery, receives 
one or two carotico-tym panic twigs from the tympanic branch of the glosso- 
pharyngeal (p. 200), and, after communicating by means of other filaments with the 
iutcmal division of the cord, forms the carotid pk^ta. 

The internal division, rather the smaller of the two, supplies Jllaments to 
the carotid artery, and goes to form the cavernous phxut. The terminal parts 
of these divisions of the cranial cord are prolonged on the trunk of the internal 
carotid, and extend to the cerebral and ophthalmic arteries, around which they form 
secondary plexuses, those on the cerebral arteriea ascending to the pia mater. One 
minute plexus enters the eve-ball with the centml artery of the retina. 

Fig. 231. — COKKECTIOMS vf 




n Ibe carotid branch ; IS, tjiiipanic nerve ; IS, t*ig oaitiDg it 



The full deBcription of tin" 
tigure will be touod at p. 210. 
Ths following Domben refer to 
sympathetic nerres uid U<eir 
connections: 6. epheno-palaciiie 
ganglion ; 7, Vidian nerve; 9, 
large deep petrauil nenB ; 10, 
A ftit of tbe sUth nerve, 
rcceiring twigi from tbe carotid 
pleiiu of the Bympathetie ; II, 
Buperioi cenicsl Bjni|jalliotic 
ganglion : 12, its prolongation 
the sjmpaUietir. 



Carotid plaxu. — The carotid plexos ( plexus carotlcut inlfrnm), situated on 
the outer aide of the internal carotid artery at its second bend (reckoning frum 
below), or between the second and third tKuda, joins the fifth and sixth craniiil 
nerves, and gives many filaments to the vessel on which it lies. 

Jlrmuhes.^a) The connection with the sixth nerve is eBtablished by means 
of onu or two filaments of considerable size, which are supplied to that nerve where 
it lies by the side of the internal carotid artery. 

{b) The filaments connected with the Oasserian ymglioii of the fifth nerve 
proceed generally from the carotid plexus, but sometimes from the cavernous. 

(c) The larffe deep petrosal nsrve passes forwards from the outer side of the artery 
to the posterior aperture of the Vidian canal, where it joins the large snperticial 
petrosal from the facial to form the Vidian nerve, which is continued to the spheno- 
palatine ganglion (p. ii:]). 

{d) The smalt deep petrosal netve passes Iwtween the carotid plexus and the 
tympanic plexus (p. 200). 

Cavsmona pl«xiu. — The cavernous plexus, named from its position in the 
sinus of the same name, is placed below and rather to the inner side of the highest 
turn of the internal carotid artery. Besides giving branches on the artery, it 
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commtinicatee with the third, the fourth, and the ophthabnic division of the fifth 
cranial Derves. 

Branches. — (a) The filament which joins the third nerve comes into connectiou 
with it close to the point of diriaion of that nerve. 

{b) The branch to the fma^th Tierve, which may be derived from either the 
cavemouB or the carotid plexus, joins the nerve where it lies in the wall of 
the cavenions Binas. 

(c) The filaments connected with the ophthalmic trunk of the Jifth nerve are 
supplied to its inner surface. 

(d) The sympal/ielk root of the cUiary ganglion passes from the cavemons 
plexus into the orbit, either separately, or in connection with the nasal nerve, or, 
according to Reichart, with the third nerve (p. 238). 

(e) Minute filaments are furnished to the pituitary body. 

2. Pharysgeal nerves and PLExoH.^Thesc nerves arise from the fore part of 
the ganglion, and are directed obliquely inwards to the side of the pharynx. 
Opposite the middle constrictor muscle they unite with branches of the pneumo- 
gastric and glosso-pharyngeal nerves ; and by their union with these nerves the 
' pluffynffsal plAXiu is formed. Branches emanating from the plexus are distributed 
to the muscles and mucous membrane of the phaiynx (p. 2G5), One or two 
filaments pass from these branches to the superior and external laryngeal nerves 
Cfig. 228). 

8. Upper cardiac nerve. — Each of the cervical ganglia of the sympathetic 
usnally furnishes a cardiac branch, the three being named respectively the upper, 
middle, and lower cardiac nerves. 

These branches are continued singly, or in connection, to the large prevertebral 
centre (cardiac plexus) of the thorax. Their size varies considerably, and where 
one branch is smaller than common, another will be found to be increased in size, 
as if to compensate for the defect. There are some differences in the disposition of 
the nerves of the right and left sides. 

The upper or ■nperfioial o«rdiao n»FT« of the right side proceeds generally 
from two or more branches of the ganglion, with, in some instances, an o^t from 
the cord connecting the first two ganglia. In its conrse down the neck the nenc 
'ies in the back of the carotid sheath, along the front of the longns colli mnscle ; it 
•^i^saeB either in front of or, less frequently, behind the inferior thyroid artery, and is 
placed in front of the recurrent larpgeal nerve. Entering the Uiorax, it passes in 
HOtQe cases before, in others behind, the subclavian artery, and is directed along the 
''nnominate artery to the back part of the arch of the aorta, where it ends in 
'^e deep cardiac plexns, a few small filamcnte continuing also to the front of 
the great vessel. Some branches accompany the inferior thyroid artery to be 
*ietribnted to the thyroid body. 

In its couree downwards this cardiac nerve is repeatedly connected with other 
^i^iiches of the sympathetic, and with the pneu mo-gastric nerve. Thus, abont the 
"diddle of the neck it is joined by one or more filament* from the external laryngeal 
aerve ; and, rather lower down, by one or two filaments from the trunk of the 
P*»emno- gastric nerve (upper cervical cardiac branches) ; lastly, on entering the 
''hest, it joins with the recurrent laryngeal. 

The nppor cftcdiao uarrs of the left side has, while in the neck, the same 
'^Qtse and relations as that of the right side. Within the chest it follows the left 
**rotid artery to the arch of the aorta, and usually crosses over that vessel to enter 
the superficial cardiac plexus. In some cases, however, this nerve ende, either 
wholly or in part, in the deep cardiac plexus, and it then descends behind the arch 
**f the aorta. 
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ViiiieUe*. — The cftrdioc nerveg vary B^'tly m their disposition, and in many cases it i> 
difficult, if not impossible, to recognize the arran(;ement which is described as typical. The 
superior cardiac nerve of the right aide, instead of passing to the thorax in the manner Htalel 
above, may join the cardiac broncb tarnished from one of the other cervical ganglia. Thia 
nerve is eomet mes want ng. eepecialTv on the r ght a de n si eh caixea it appears to be 







Pig. 232.— Conn KTUvs of ibk csmiCAt , 

[From Sa|ip«y afMi Hirachfeld and Leveili^ ) 
The full description of this figure Hill be found at p. 263. The folloving numbers refer to ^ 
sympathetic gaogtia and nerves, and tbose immediatel; connected vith them : !>, pharjogeal pleii^ 
12, 13, posterior pulmonary plexus ; and to the reader's left, aboie the pulmonary artery, the superfic - 
CRrdiac plexus ; 24, superior cervical ganglion of the sympathetic ; 2j, middle ccrvieul ganglio^ 
26, conjoined inferior cervical and Grat thoracic ganglia ; '27, iH, 29, 30, second, third, fourth, and fif^ 
thoracic ganglia. 

replaced by a larger superior cardiac offset from the vagus or its external laryngeal branitf^--'^ 
(M. Alpiger). ^.^^o 

Drobnik describes a special prctraeheat hranvh which is (fiven off from the communicatio "^^^^a, 
between the superior cardiac nerve and the recurrent laryngeal : it descends on the traohe^^'"'^ 
hdA terminates partly in the pericardimn, partly in the anterior pulmonary plexus. 

4. Bbanches to blood-tessels. — The Derves which ramify on the arterie* "^^.a 
(nn. cnrolici exierni) apriog from the front of the ganghon, and twine ronnc^^' ' 
the trnnk of the external carotid artery (phjvs carolkus rxtertiun). They are alBC^^t 
prolonged on the branches of the artery, forming npon them Blender plexuses whicfr''^^ 
are named like the arteries they accompany. From the plexus on the facial artcr>i^^ 
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is derived the filament which forms the sympathetic root of the sabmaxillary 
^nglion ; and from that on the middle meningeal arterj twigs are described as extend- 
ing to the otic ganglion, as well as to the geniculate ganglion of the facial nerve 
(external superficial petrosal nervSj p. 253). One filament descends from these 
nei-ves to the carotid gland. 

Mioroeoopic ganglia are f reqaently met with in the vascular plexuses, and severs^ larger 
ones of more constant occurrence have been described. The most important of these is 
the temporal gangliariy about 2 mm. in length, situated on the external carotid artery at the 
place of origin of the posterior auricular branch ; it is said to receive a filament from 
the stjlo-hjoid branch of the facial nerve. 

MIDDUB OBRVICAIi aAKGLION. 

The middle ganglion, much the smallest of the cervical ganglia, is placed on the 
sympathetic cord at or near the spot where it crosses the inferior thyroid artery, 
about opposite the sixth or seventh cervical vertebra. It is usually connected by grey 
branches with the fifth and sixth spinal nerves, but in a somewhat variable 
manner. It gives off thyroid branches and the middle cardiac nerve. 

Thjroid teaaehes. — From the inner side of the ganglion some twigs proceed 
along the inferior thyroid artery to the thyroid body, where they join the recurrent 
laryngeal and the external laryngeal nerves. While on the artery, these branches 
communicate with the upper cardiac nerve. 

The middle cavdiac nerv^e (deep or groat cardiac nerve) of the right side is 
prolonged to the chest either in front of or behind the subclavian artery. In the 
chest it lies on the trachea, where it is joined by filaments of the recurrent laryngeal 
nerve, and it ends in the right side of the deep cardiac plexus. While in the neck, 
this nerve communicates with the upper cardiac nerve and the recurrent branch of 
the pneumo-gastric. 

On the left side, the middle cardiac nerve enters the chest between the left carotid 
and subclavian arteries, and joins the left side of the deep cardiac plexus. 

Varletle*. — The middle cervical ganglion is often absent, and in that case the middle 
cardiac nerve is given off by the interganglionio cord. On the other hand, it is sometimes 
double (fig. 233). The smaller upper portion (A) is the middle cervical ganglion of Arnold 
and Luschka, the thyroid ganglion of Krause ; while the larger lower portion (B) is the 
middle cervical ganglion of Swan and Krause, the inferior cervical ganglion of 'Arnold, 
Luschka, and Bfidinger. The single ganglion is more frequently in the latter situation. 

This part of the cord is sometimes placed behind the inferior thyroid artery, or it may be 
divided so that the artery is enclosed in a loop of the nerve. 

LOWaR OXBVIOAIi GAMaiilON. 

The lower cervical ganglion is irregular in shape, usaally somewhat flattened 
and round, or semilunar, and is frequently united to the first thoracic ganglion, the 
common mass being described as the first thoracic ganglion by many authors. It lies 
over the first costo-central articulation, in the lateral angle between the subclavian and 
vertebral arteries. The connecting cord between the middle and lower cervical 
ganglia usually passes behind the vertebral artery, but in some cases, especially on 
the left side, the interganglionic cord forms a ring around the vessel. The two 
ganglia are also united by the ansa subclavia (see below). 

The inferior cervical ganglion is connected to the lowest two cervical nerves by 
grey communicating branches, and it gives off the lower cardiac nerve and offsets to 
blood-vessels. 

The lower cardiac nerve, issuing from the inferior cervical ganglion, or from 
the first thoracic, inclines inwards on the right side, behind the subclavian artery 
and terminates in the cardiac plexus behind the arch of the aorta. It communicatee 
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with the middle cardiac and recarreDt Ur^itgeal nerves behind the Babclaviaii 
artery. 

On the left side, the lower cardiac often becomes blended with the middle cardiac 
nerve, and the cord resalting from their union terminatea in the deep cardiac 
plexus. 

Kanolic* to blood-vaaiela.^From tbe lowest cervical and £rat dorsal ganglia 
slender grey branches ascend along the vertebral artery in ita canal, forming 
a plexuB {plexus verlebralis) round the vessel by their intercom muni cation a, and 
supplying it with ofCeets. This piexus is connected with the cervical spinal nerves 
as they cross the vertebral artery, and ita ultimate ramifications are continaed on 
the ietracranial branches of the vertebral and basilar arteries. 




Fig. 233.— Thb 



(«. D.T.) 



gsnglia. 

a, Tei-tebnl offset of inferior cenioJ 
ganttlioD ; b, bnuch which ucenda 
through the foramen in the tiuuTcne 
proceu of the last cerrical rerlebni U 
join the seven th nerve. 
S. Below C ■» the origin of the infentt 
cardiac nerre, and the termiDation of 
the ansa lubclavia. The arteries bin 
been drawn downwardi and innnli ii 
order to diiplaf (he nerres. The middb 
cerrical ganglion is, thereFore, in a lorn 
poiitioD than natural ; and the com- 
munication between the middleaod lo'ei 
ganijlia ie directed more traniTcralT 
than would bo the case if the parts wen 
Id their natural place. 

ATisa subclaim (Viettsgenii).— 
This name is given to a small 
cord, often double, which pnsae* 
between the middle cervical and 
the lower cervical, or first dorsal, 
ganglia, in front of the sub- 
clavian artery, forming a loop 
around that vessel, and supplying it nith small offseta {plexus ntbclaviua). From 
the laUer, filaments pass to the internal mammary artery, and in some cases 
form a communication with the phrenic nerve. 

A direct twifr of communication to the phrenio nerve ia often {fiven oB from the infeiior 
cervical KOf^'ioii ^^Bt freqaenlly from the middle cervical ganglion. 

The atalikta gana-Ilon of the dog and cat correaponds \o the united lower oerrical 
and apper three or four thoracic g'ang'lia of man. In the nbbit tbe name jan/iliini iMlalm 
was used tor the lower cervical ganglion, corresponding to the middle oervical gaoglion 
of man, bj Lndwig and Thiry, whereas Cjoa applied it to the Srst thoracic ganglion, which 
corre^nnda to Uie lower cerrical ganglion in man (Eratue). 
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The seta of fihres which have been recognised in the cervical sTmpathetic, and their 
probable origin, are aa followe : — 

(a) Papillo-dilaitar fltiraa, ariaing from the first, second, and third dorsal nerves. Thej 
pass upwards in the ascending branch of the superior cervical ganglion, and thence to 
the Gasserian ganglion, reaching the eyeball tliroagh the BtBt division of the fifth and 
the long ciliarj nerves. (It is stated b; many obeervere that papillo-dilator fibrea an 
contained also in the seventh and eighth oervical nerves.) 
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(b) Kotor librea to the involuntary muscle of the orbit and eyelids, from the hljcheat 
four or five dorsal nerves (Langley). 

(c) Vaso-motor flbrea of the head. Vaso'constrletor fibres are given off in the dog and 
cat chieflj by the second, third, and fourth dorsal nerves, in the rabbit by the dorsal 
nerves from the second to the eighth (Langley). There is also some evidence as to the 
existence of vaso-dil^itor fihrea. but the origin of these has not been fully ascertained. 

{d) Secretory fibres of the submaxillary ffland, mainly from the second and third dorsal 
nerves. 

(cf) Pilo-motor fibres of the fkce and neck, in the monkey arising from the second, 
thinl. fourth, and fifth dorsal nerves (Sherrington). 

In all the foregoing groups the fibres of spinal origin terminate, and fibres of sympathetic 
origin arise, in the superior cervical ganglion. 

(/) Accelerator librea of heart, derived from the upper four or five dorsal nerves, bat 
chiefly from the second and third. The spinal fibres end and sympathetic fibres begin in the 
middle and lower cervical (perhaps also the first thoracic) ganglia. 

THORACIC FAST OF THE GAKOLIATED CORD. 

In the thorax the gangliated cord is placed at the side of the spinal colamn, along 
a line passing over the costo-central articalatioDS. It is covered hj the pleura, and 
crosses the intercostal blood-vessels. 

The ganglia are commonly eleven in number, seldom twelve. The first, when 
distinct, is larger than the rest, and lies at the vertebral extremity of tbe first 
intercostal space ; but it is often blended with the lower cervical ganglion. The 
sacceeding ganglia are small, oval or triangular in form, and correspond generally 
to the heads of the ribs from the third to the eleventh ; while the last is placed 
a little in front of the head of the twelfth rib, about the upper border of the last 
dorsal vertebra. 

Connectioii with spinal nerres. — The branches of connection between the 
dorsal nerves and the ganglia of the sympathetic are usually two in number for each 
ganglion, one of these being white and the other grey (p. 858). 

BRANCHES OF THE GANGLIA. 

The branches furnished by the upper four or five ganglia are small, and are dis- 
tributed in great measure to the vertebrae and ligaments, and to the descending 
thoracic aorta (fig. 232), on which they form, together with filaments proceeding 
lower down from the great splanchnic nerve, a slender network {plexus aoriicus 
^^acalis). From the second, third, and fourth ganglia offsets pass also to the 
posterior pulmonary plexus (p. 268). 

The branches furnished by the lotver six or seven ganglia unite into three cords 
OQ each side, which pass down to join plexuses in the abdomen, and are dis- 
^^^guished as the great, the small, and the smallest splanchnic nerves {abdominal 
^P^nchnics of Gaskell). 

The great splanchnic nerve is formed by the union of roots which are given 
^ by the thoracic ganglia from the fifth or sixth to the ninth or tenth inclusive. 
■*^*^e trunk thus constituted descends obliquely forwards over the bodies of the dorsal 
^^Ptebras, and after perforating the crus of the diaphragm terminates in the upper 
P^T^t of the semilunar ganglion : some of the fibres may occasionally be followed to 
^^^ suprarenal body and the renal plexus. This nerve is remarkable from its white 
^lonr and firmness, due to its consisting in large part (four-fifths according to 
^Udinger) of medullated fibres, which are continued directly from the spinal nerves ; 
^^ooix the highest root they may be traced upwards along the sympathetic cord as far 
^ the third thoracic ganglion and nerve, or even higher. 

In the chest the great splanchnic nerve is not unfrequently divided into parts, 
^^d forms a plexus with the small splanchnic nerve. In many cases also a small 
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*|. Fig, 231.— Dij 




C'rtbro-tplaal A'wrra. — VI, a portiODof 
the Biith cranial nerre u it pmnm tlin>iig)i 
thecavemoiuBiniis, Teeeiring two trigs from 
the CBrotiJ plexus of the sjmiiAthetic iMrre : 
O, ciliuj gADglion, eooneclail bj k tvig with 
the ciiernoua plexiu ; M, coanection of the 
ipheno-pelatiBe gaugliOD b; the luge Jeep 
petroesl nerre with the •^nitil pleiua ; C. 
eeiricaJ plexoi ; Br, bntchial pleiiu; D 6, 
■iith donsl nana ; D 12, twelfth ; L3, thiid 
lumbar aerre ; 3 1. fiist ucnl nerre ; S 3, 
third ; S 5, fifth ; Cr, anterior crural nerre ; 
Ct', great sciatic ; m, pnenroo-gaetric aerre 
ia the luver part of the atek ; r, recurrcul 
nerre, wjoding round the aubclavian arterr. 

Sj/inpnlhelie Cord, — c, superior eerricsl 
ganglion ; c', middle ; e", inferior ; trem ei 



of tl 



>(all<l 



thii side) are aeen descending to the cardiu 
pleins ; d 1, placed immedintet; below thr 
first dorsal ajmpathslic gaoglioa : d B, ii 
oppoeite the siith ; I 1, first lumhar gn- 
glion ; cf7, the terminal orcoocygontgaDgluiii. 
Prtaortic and Viteeral Plntata.—py, 
pbarjDgeal plexus ; pi, posterior pulmoour 
plexus, spreading from tbe pneumo-gaMrii: oi 
the back of the right bronchua ; ca, on tbt 
aorta, the cardisc plexus, towards which, is 
addition to the cardiac nerrca from thethm 
CBrvical sympathetiii ganglia, other branchn 
are seen descendiiig From the pneumo-gastric 
and ncurrent nerves ; «o, right or poMrrior, 
and to', left or aalerior corouarj pleina; 
o, cBsoptiageal plexus in long meshes on the 
gullet ; tp. great splanchnic nerre ; + , small 
smalleit splanchnic 



first and Hecon< 



if thes> 



HJOll 



ngto, 



leiKls mi', b; sjmpathetii 
third and fourth sacral apii 
which ramifj upon the riscera 
the rectnm and bladder. 



the solar plexus ; the third descending to rt. 
the renal plexus ; connecting branches lietweea 
the eolar plexus and the pDeumo-gaslric nerres 
are also represented ; pa', abon tbe place 
where the right paeumo-gastric passes to Ihe 
Doaterior surface of tbe stomach : jm", the 

n of the orpn ; from the 
IB large branches are seen surround- 
ing the arteries of the cceliac axis, and de- 
soendiag to nu, the superior 
opposite to this ia an indici 
renal plexus ; below rt (the renal plexuB),'the 
spemntic plexus is also indicated ; no. on the 
front of the aorta, marks the aortic pleioi, 
formed b; nerves dcacandiog from the solar 
and superior mesenleric plexuses and from the 
lumhar ganglia ; mi, the inferior mesenteric 
plexDs, Burraiiadingtheeorrwpoudinsartei7 ; 
hy, hypogastric plexus, placed between the 
common iliac arteries, connected above with 
tbe aortic plexus, receiving nerves frian the 
lower lumhar ganglia, and dividing beLov into 
the right and leFt pelvic or interior hypogas- 
tric pleiuseB ; pi, right pelvic plexus ; fioiD 
this the nerves descending are joined bj those 
fiom the pleiusoD the superior hKmurrlwidal 
'ea from the lacral ganglia, and by numerona visceial nerves from tbe 
Dertes, and there aie thus formed the rectal, vesical, and other plaioset, 
behind forwaids, and from below upwards, as towards ir, and r. 
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ganglion (splafichnic ganglion) is formed on it, nsually confined to the inner part of 
the nerve, over the last dorsal vertebra, or the last but one ; and when it presents a 
plexiform arrangement, several small ganglia have been observed on its divisions. 
According to Cunningham, the splanchnic ganglion is always present on the right 
side. 

From the great splanchnic nerve and the splanchnic ganglion filaments are given 
to the front of the vertebrae and the aorta. 

In eight instances oat of a large number of bodies, Wrisberg observed a fourth splanchnic 
nerve {nervuji fiplanehnicus mpreviu4t^. It is described as formed by offsets from the cardiac 
nerves, and from the lower cervical as well as some of the upper thoracic ganglia. 

The small splanohnic nerv^e springs from the ninth and lenth (sometimes the 
tenth and eleventh) thoracic ganglia, or from the neighbouring part of the cord. It 
passes along with the preceding nerve, or separately, through the diaphragm, and 
ends in the lower part of the semilunar (or aortico-renal) ganglion. In the chest, 
this nerve often communicates with* the great splanchnic nerve ; and in some 
instances it furnishes a branch to the renal plexus, especially if the lowest splanchnic 
nerve is very small or wanting. 

The smallest splanclmic nerve (nervus renalis posterioi'y Walter) arises from 
the last thoracic ganglion, and communicates sometimes with the nerve last 
described. After passing the diaphragm with the cord of the sympathetic, it ends 
ia the renal plexus. Its place is frequently supplied by a branch of the small 
splanchnic nerve. 

C01TBTITX7TI0N OF THS THOBAOIO PART OF THS BYMPATHBTIC. 

The thoracic portion of the gang'liated coid receives most of the spinal fibres entering the 
sympathetic system (rf. p. 359). Only a small part of these end in the thoracic ganglia ; the 
greater number pai^e either npwards into the neck or downwards into the abdomen. The fibres 
ascending to the neck arise from the upper dorsal nerves ; thej include the pupillo-dilator 
fibres, secretory fibres of the submaxillary gland, vaso-motor fibres of the head and neck, 
accelerator fibres of the heart, and others, all of which have been referred to in connection 
with the cervical sympathetic (p. 366). In addition to these, the following groups have been 
<lemoB8trated experimentally in the lower animals : — 

(a) Vaso-oonatxictor fibres of the pulmonary TesaelB have been shown by Bradford and 
i^ean, in the dog, to pass out of the spinal cord by the thoracic nerves from the second to the 
seventh (maiuly, however, through the third, fourth, and fifth nerves), and to end in the 
?*n^lion stellatum. • 

(6) Vaso-conBtrictor fibres of the limba are connected with the vertebral ganglia. 

Y*oee of the fore limb are given off by the dorsal nerves, in the dog from the third to the 

^•venth (Bayliss and Bradford), in the cat from the fourth to the ninth (Langley). Those 

tK ^^^ ^^^ ^^^^ ^^ furnished, according to the same investigators, in the dog by the last 

jJ™Be (11, 12, 13) dorsal and first three lumbar nerves, and in the cat by the last two or three 

^**^al and the first three or four lumbar nerves. 

, C^) Secretory fibres to the sweat-fflands of the fore foot leave the dorsal nerves from 
. r^ third or fourth to the ninth, and pass to the ganglion stellatum ; while those of the hind 
~^^b emerge by the last two dorsal and upper three lumbar nerves, and descend in the cord 
^* the lower lumbar and upper sacral granglia— in the cat (Langley). 

. ^ (^d) Pilo-motor fibres in the cat pass from the lower nine or ten dorsal nerves, as well as 
*^® Upper three or four lumbar, to the vertebral ganglia (Langley). 
The splanchnic nerves contain : — 

(e) Viscero-inhibitory fibres of the stomach and intestine. — According to Langley 
^*^ Bickinson they end in the ganglia of the solar plexus. 

Cy) Vaso-motor nerves of the abdominal blood-vessels. — The existence of vaso-oon- 

^<ictor fibres for the arteries of the alimentary canal in the splanchnic nerves is well 

^tablished : and, according to Langley and Dickinson, these nerves also contain the vaso- 

relator fibres of the same vessels : both sets of fibres end in the ganglia of the solar plexus. 

y^ao-constrictdr fibres of the portal vein and its tributaries were originally demonstrated by 

^•ll ; according to Bayliss and Starling, in the dog, they are given off by the dorsal nerves 

**oin the third to the eleventh, but mainly from the fifth to the ninth. The nerves of the 

^^al blood-vessels, both constrictor and dilator, are derived in the dog from the dor?al nerves 

**om the sixth downwards, as well as (constrictors only) from the upper two lumbar nerves 



870 THE SYMPATHETIC NERVES. 

(Bradford) : the renal yaso-motor fibres probably end in the ganglia of the renal plexus 
(Langley and Dickinson). 

(g) Afferent fibres from the abdominal viscera. 

The lowest part of the cord also contams : — 

(A) Some of the motor fibres of the circular muscle of the rectum,, proceeding from the 
lower dorsal nerves. Together with fibres from the upper one or two lumbar nerves, th^ 
pass by the aortic plexus to the inferior mesenteric ganglion. Associated with these axe the 
inhibitory fibres of the longitudinal muacle of the rectum (Fellner). 

LXrXBAB PAST OF THE OAITGLIATED COBB. 

In the lumbar region, the two gangliated cords approach one another more 
nearly than in the thorax. They are placed on the front of the bodies of the 
vertebrte, each lying along the inner margin of the psoas muscle ; and that of the 
right side is partly covered by the vena cava, that of the left by the aorta. 

The ganglia are small, and of an oval shape. They are commonly four in 
number, but occasionally their number is diminished, and they are then of larger 
size. 

Connection with spinal nerves. — In consequence of the greater distance at 
which the lumbar ganglia are placed from the intervertebral foramina, the branches 
of connection with the spinal nerves are longer than in other parts of the gangliated 
cord. Thei*e are generally two connecting branches for each ganglion, but the 
number is not so uniform as it is in the chest ; nor are those belonging to any one 
ganglion connected always with the same spinal nerve. The connecting branches 
accompany the lumbar arteries, and, as they cross the bodies of the vertebrae, are 
covered by the fibrous bands which give origin to the muscular fibres of the psoas. 

Branches. — The branches of these- ganglia are uncertain in their number. 
Some join the plexus on the aorta ; others descending go to form the hypogastric 
plexus. Several filaments are distributed to the vertebra and the ligaments con< 
necting them, 

OOKBTITUTION OF THS LUMBAB PORTION OF THX SYMPATHXTIO. 

Spinal fibres pass into the sympathetic from the upper one or two lumbar nerves, and 
others descend in the cord from the lower dorsal nerves. For the most part they form a 
continuation of groups of fibres which have been noticed in the account of the thoracic 
sympathetic (p. 369), including' vaso-constrictor and secretory nerves of the hind limb, pilo- 
motor fibres, vaso-constrictor fibres of the abdominal vessels, and motor fibres of the ciicolar 
muscle, with inhibitory fibres of the longitudinal muscle of the rectum. 

Arising from the lumbar nerves only are the following : — 

(/?) Vaso-motor nerves of the penis. — The raso-comtrictor fibres probably pass from the 
upper lumbar nerves into the B3rmpathetic cord, whence they are mainly continued by pale 
fibres through grey rami communicantes to the pudic nerve ; but it is stated by Francois- 
Franck that some constrictor fibres run through the inferior mesenteric ganglion to the 
hypogastric plexus, and that these are accompanied by a part of the vaso-ffilator fibrts of 
the penis. 

{b) Motor fibres to the bladder, passing by the aortic plexus to the inferior mesenteric 
ganglion, and thence through the hypogastric and pelvic plexuses, to supply the circular 
muscle, including the sphincter. Associated with these there are probably inhibitory fibres of 
the longitudinal muscle. 

(r) Motor fibres to the uterus, taking a similar course to the foregoing. 

(Motor fibres to the vas deferens in the male, or to the round ligament of the uterus in 
the female, were found by Sherrington in the monkey leaving the cord by the anterior roots 
of the second and third lumbar nerves (corresponding to the first and second lumbar of man), 
and passing to their destination through the genital branch of the genito-cmral nerve.) 

8ACEAL PART OF THE OAHOLIATED CORD. 

Over the sacrum, the gangliated cord of the sympathetic nerve is much diminished 
in size, and gives but few branches to the viscera. Its position on the front of the 
sacrum is along the inner side of the anterior sacral foramina ; and like the two 
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series of those foramina, the right and left cords approach one another in their 
progress downwards. The npper end of each is united to the last lombar ganglion 
by a single or a double interganglionic cord ; and at the lower end they are 
connected by means of a loop, in which a single median ganglion, ganglion impar or 
coccygeal ganglion^ placed on the fore part of the coccyx, is often found. The sacral 
ganglia are usually four in number ; but the variation both in size and number is 
more marked in these than in the thoracic or lumbar ganglia. 

Variety. — In one instance the cord was found terminating at the second sacral nerve 
(E. Fawcett, Joom. Anat., xzix, 329). 

Connection with spinal nerves. — From the proximity of the sacral ganglia 
to the spinal nerves at their emergence from the foramina, the communicating 

Fig. 235. — Sacral portioit of thb stxpathbtio cords 
OF AN INFANT, sliohtlt bnicAROkd. (Rauber.) 

t 1 — s 4, aacml ganglia ; c, coccygeal ganglion, 
showing indications of its origin by the fusion of 
two ganglia, and sending downwards branches which 
nm with the middle sacral artery ; W, interfunicular 
branches uniting the ganglia of the two sideA ; below 
these ifi seen a small interfunicular ganglion. 

branches are very short : there are often 

two for one ganglion, and these are in 

some cases connected with different sacral 

nerves. The coccygeal nerve communi- 
cates with the last sacral, or the coccygeal 

ganglion. 

Branches. — The branches proceeding 

from the sacral ganglia are much smaller 

than those from other ganglia of the cord. 
They are for the most part expended on the 
front of the sacrum, and join the corre- 
sponding branches from the opposite side. 
Some filaments from one or two of the 
Qppex ganglia enter the pelvic plexus, 
^hile others go to form a plexus on the 
^^ddle sacral artery. From the loop con- 
f^eoting the two cords, filaments are given to the coccyx and to the ligaments about 
^^y ^nd to the coccygeal gland. 
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, Inhere are no spinal fibres passing' from the sacral nerves to the sympathetic cord, but the 
^^titer contains meduUated fibres which descend from the lambar region and terminate in the 
r?^*^l gang'lia. These fibres include vaso-constrictor and secretory fibres of the hind 
>5^b, and the pilo-motor fibres of the hindmost part of the body and the tail in the cat 
^t^angley). 

^^ The viscdral branches of the sacral nerves (jfelvic ^platwhnict^ Craskell) are equivalent 

^ '^hite rami communicantes (p. 369), but they pass directly into the pelvic plexuses, where 

^^w of the fibres may turn upwards to the inferior mesenteric ganglion,^ while the larger 

^^Hiber enter the plexuses of the pelvic viscera. They comprise : — 

Ca) Motor fibres to the longitudinal muscle, and inhibitory fibres to the circular 

^'^'^^•clo of the rectum. 



Fibres ascendiDg to the inferior mesenteric ganglion are described by Gaskell in the dog, but they 
^^i"© not found by Langley in the cat. 
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(h) The chief motor fibres of the bladder, distributed probably to the longitudinal 
mtiBcle. 

{c) Motor fibres of the uterus. 

[d) Vaso-dllator fibres of the penis {ntrvi eri^enfeM), 

(e) Secretory fibres of the prostate ffland. 

THE GREAT PLEXUSES OF THE SYMPATHETIC. 

Under this head are incladed certain large plexuses of nerves placed farther 
forwards in the visceral cavity than the gangliated cords, and furnishing branches 
to the viscera. The principal of these plexuses are the cardiac, the solar, and 
the hypogastric with the pelvic plexuses prolonged from it. They are composed of 
assemblages of nerves, or of nerves and ganglia, and from them smaller plexuses are 
derived. 

OABDIAO PIJBXUB. 

This plexus receives the cardiac branches of the cervical ganglia and those of the 
pneumo-gastric nerves, and from it proceed the nerves which supply the heart, 
besides some offsets which contribute to the nervous supply of the lungs. It lies 
against the aorta and pulmonary artery, where these vessels are in contact, and in its 
network are distinguished two parts, the superficial and the deep cardiac plexuses, 
the deep plexus being seen behind the vessels, and the superficial more in front, but 
both being closely connected. The branches pass from these plexuses chiefly 
forwards in two bundles, accompanying the coronary arteries. 

Superficial cardiac plexns. — The superficial cardiac plexus (fig. 232) lies in 
the concavity of the arch of the aorta, between the ligament of the ductus arteriosus 
and the right branch of the pulmonary artery. In it the superficial or upper cardiac 
nerve of the sympathetic of the left side terminates, either wholly or in part, 
together with the lower cervical cardiac branch of the left pneumo-gastric nerve. In 
the superficial plexus a small ganglion, the ganglion of Wrisherg^ is frequently found 
at the point of union of the nerves. Besides ending in the right coronary plexus, 
the superficial cardiac plexus furnishes laterally filaments along the pulmonary artery 
to the anterior pulmonary plexus of the left side. 

Deep cardiac plezua. — The deep cardiac plexus, much larger than the 
superficial one, is placed behind the arch of the aorta, between it and the end of the 
trachea, and above the bifurcation of the pulmonary artery. 

This plexus receives all the cardiac branches of the cervical ganglia of the 
sympathetic nerve, except the upper cardiac nerve of the left side. It likewise 
receives the cardiac nerves furnished by the vagus and by the recun*ent laryngeal 
branch of that nerve, with the exception of the left cervical cardiac nerves. 

Of the branches from the right side of the plexus, the greater number descend 
in front of the right pulmonary artery, and join branches from the superficial part in 
the formation of the right coronary plexus; others, passing behind the right 
pulmonary artery, are distributed to the right auricle of the heart, and a few 
filaments are continued into the left coronary plexus. 

On the left side^ a few branches pass forwards by the side of the ductus arteriosus 
to join the superficial cardiac plexus, and others descend to the left auricle ; but the 
great majority end in the left coronary plexus. 

The deep cardiac plexus sends filaments to the anterior pulmonary plexus on each 
side. 

Coronary plexnsea. — The right or posterior coronary plexus is derived from 
both the superficial and deep cardiac plexuses, the filaments by which it arises 
embracing the root of the aorta. It accompanies the right coronary artery on the 
heart, sending its branches upwards and downwards to the auricle and ventricle. 
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The left or ankrior coronary pUxus is lai^r than the right, and is derived 
mainly from the left half of the deep cardiac plexns. Being directed forwards 
between the pulmonary art«ry and the left anrioniar append^e, it reaches the left 
coronary artery, and Bubdivides into two principal portions which acoompany the 
primary divisions of that vessel. 

Nervous filaments ramify in great number nnder the epicardiuro, especially on the 
ventricular portion of the heart. They are not so easily distinguished in man as in 
some animals. In the heart of the calf or the lamb they are distinctly seen without 
dissection, running in lines which cross obliquely the muBcnlar fibres. Microscopic 
ganglia occur on the nerves of the auricles, and in the course of the coronary 
plexuses, but they are absent from the offsets to the ventricular wall (see Vol. II, 
p. 372). 




<*, aorta ; o', palmiMuU? wtery ; b, atrium, with the on 
'' ■ventricle ; i»7, vagoB ; ly, cord o! sjmpathetic ; p, p, pfrioirdium j 
'X'diuni ; I, bulbar plexua ; II, atrial pleiua ; III, inlenoodiale plexna. 

From the embrjolc^oal inreiitigatioDs of W. Hie, jnii., it appeare that the ascending aorta, 
Uie pulmonary trunk, and the ventricles of the heart ar« supplied bj the upper ct^-diac nerves, 
"hile the aurioles receive branchea arisingr at a lower-level. The earliest of the cardiac nerves 
^ l>e developed are branchea from both vaf^s and Bfmpathetic of each side to the arterial 
|'.°-^l>. \Fhicb appear about the end of the fomth or the beiriiiiiiiig of the fifth we«k of fcetal 
J^^j and make their way between the aorta and the pulmonwy trunk, wbaro they form the 
"'^^ar pUxut. la the seventh week other nerves are found passing from the vagi lower down 
'" the back of the auricles, sjid forminir there the atrial jtlrxia, which also receives 
''"'Pathetic branches through the foUowing plexns. The bnlbar and atrial plexoaes are 
<^&xiected by branches which descend from the former behind the transverse sinus of the peri- 
'**^'ttm, and are joined by offsete of both vagi, the left recurrent nerve, and the sympathetic 
'**^B, the whole conBtituting the xHtermediate jArra*. All of these bnuiofaea contain numerous 
^^^S'Uon-cells of sympathetic nature, which travel downwards with the gmwth of the nerves. 
the course of the third month the coronary nerves are developed from the bulbar plexus, 
J''^ offsets of the atrial plexus spread over the auricles. In the definitive state therefore the 
™lbar plexus is represented by the superficial cardiac plexus and a part of the deep cardiac 
P'-^Yoa, with their coronary offsets, the intermediate plexus by the remainder of the deep 
?^*^iac plexus, and the atrial plexus by the network on the auricles. The distribution of 
™^ ITKi^lia in the adult heart oorreepoads to the extent of these plexuses. 
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The solar or epigastric plexus {phxus raliatm), the latest of the prevertebral 
'^^QttcB, is placed at the upper part of the abdomen, behind the stomach, and in 
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front of the aorta and the pillars of the diaphragm. Surronndtng tbeiorigin of the 
coeliac azis and the superior meeenteric artery, it occupies the interval between the 
snprarenat bodies, and extends downwards as far as the pancreas. The, pleiiu 




1, Ac. (Q. D. T.) 



C.A., creliu axis, knd S. M.A , luperior mesenUrtc artery, both cut close to Ifaeir origin ; BurTDund- 
ing them ii the solar pleiuH ; on the Horta below the renal urWri'^B ia the aortic t'leius ; )', great, 
«", small, and 3"'. imialleet siilancliiiic nerves : A, phrenic gnoglion ; B, semilunu- ganglion ; C, aortico- 
renal mnglion ; D, superior niesenleric ganglion ; R, spermatic gimglion ; f , inferior meaenl«ric 
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oonsists of nenroQB oords, with several ganglia of various sizes connected with them. 
The large and small splanchnic nerves on both sides, and some branches of the 
pneumo-gastric, terminate in it. The branches given off from it are very 
numerous, and accompany the arteries to the principal viscera of the abdomen, 
constituting so many secondary plexuses on t^e vessels. Thus, diaphragmatic, 
coeliao, mesenteric, and other plexuses are recognised, which follow the corresponding 
arteries. 

Semilunar gajiglia. — The solar plexus contains, as already mentioned, several 
ganglia {ganglia cceliaca) ; and by the size of these bodies it is distinguished from 
the other prevertebral plexuses. The two principal ganglionic masses, named 
semilunar^ though they have often little of the form the name implies, occupy the 
upper and outer part of the plexus, one on each side, and are placed close to the 
suprarenal bodies, by the side of the cceliac and the superior mesenteric arteries. 
At the upper end, which is expanded, each ganglion receives the great splanchnic 
nerve. The lower part of the ganglionic mass, lying over the root of the renal artery, 
is commonly more or less detached from the rest, and is distinguished as the 
aortico-renal ganglion ; it is joined by the small splanchnic nerve, and gives origin 
to the greaterpart of the renal plexus. Another part, lying below and to the right 
of the origin of the superior mesenteric artery, is named the superior mesenteric 
ganglion. 

Ihaphragmatio or phrenio plaziis. — The nerves composing this plexus are 
derived from the upper part of the semilunar ganglion, and are larger on the right 
than on the left side. Accompanying the arteries along the lower surface of the 
diaphragm, the nerves sink into the substance of the muscle. They furnish some 
filaments to the suprarenal body, and join with the spinal phrenic nerves. 

At the right side, on the under surface of the diaphragm, and near the supra- 
renal body, there is a small ganglion {diaphragmatic or phrenic ganglion)^ which 
marks the junction between the phrenic nerves of the spinal and sympathetic 
systems. From this small ganglion filaments are distributed to the vena cava, the 
suprarenal body, and the hepatic plexus. On the left side the ganglion is wanting. 

Suprarenal plexns. — The suprarenal ner\'es issue from the solar plexus and 
the outer part of the semilunar ganglion, some filaments being added from the 
diaphragmatic plexus and one of the splanchnic nerves. They are short, but 
numerous in comparison with the size of the suprarenal body, which they enter on 
its inner and posterior part. These nerves consist in great part of white fibres, and 
are beset with minute ganglia. 

Senal plezus. — The nerves forming the renal plexus emanate for the most part 
from the aortico-renal ganglion, but some are added from the solar and aortic 
plexuses. The renal plexus also receives the termination of the smallest, and some- 
times filaments from the small splanchnic nerve, as well as a branch from the first 
lumbar ganglion. The nerves of the plexus are mostly grey, and in their course 
along the renal artery ganglia of different sizes {renal ganglia) are formed on them. 
Lastly, dividing with the branching of the vessel, the nerves follow the renal arteries 
into the substance of the kidney. On the right side some filaments are furnished to 
the vena cava, behind which the plexus passes with the renal artery ; and on both 
sides offsets pass to the spermatic plexus, and a filament to the ureter. 

Spermatic plexna. — This small plexus commences in the renal, but receives in 
its course along the spermatic artery an accession from the aortic plexus, in which 
a small spermatic ganglion is often formed at the place where these branches arise. 
Continuing downwards to the testis, the spermatic nerves are connected with others 
which accompany the vas deferens and its artery from the pelvis. 

In the female, the plexus, like the artery, is distributed to the ovary and the 
uterus. 
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Cttliac pleziui. — This plexns is of ]arge size, and is derived from the fore piut 
of the great epigastric plexns. It surrounds the cceliac axis in a kind of fenestrated 
sheath, and subdivides, with the artery, into coronary, hepatic, and splenic plexnses, 
the branches of which form communications corresponding with the arches of the 
arterial anastomosis. The plexus receives on the left side a considerable ofSaet from 
the right pneumo-gastric nerve. 

The coronary plexus is placed with its artery along the small curvature of the 
stomach, and unites with the nerves which accompany the pyloric artery, as well as 
with branches of the pneumo-gastric nerves. The nerves of this plexus enter the 
coats of the stomach, after running a short distance beneath the peritoneum. 

The hepatic plexus, the lai^est of the three divisions of the coeliac plexus, ascends 
with the hepatic vessels and the bile duct, and, entering the substance of the liver, 
ramifies on the branches of the portal vein and the hepatic artery. Offsets from the 
left pneumo-gastric nerve join the hepatic plexus at the left side of the vessels. 
From this plexus filaments pass tiO the right suprarenal plexus, as well as other 
secondary plexuses which follow the branches of the hepatic artery. Thus there is 
a cysfic plexus to the gall-bladder ; and there are pyloric, gastro-epiplmCy and pan- 
creatico-duodenal plexuses, which unite with coronary, splenic, and mesenteric 
nerves. 

The spleriic plexus (plexus linealis), continued on the splenic artery and its 
branches into the substance of the spleen, is reinforced at its beginning by branches 
from the left semilunar ganglion, and by filaments from the right vagus nerve. It 
furnishes the left gastro-epiphic and pancreatic plexuses, which course along the 
corresponding branches of the splenic artery, and, like the vessels, are distributed to 
the stomach and pancreas. 

Superior meBanteric plexus. — The plexus accompanying the superior 
mesenteric artery, whiter in colour and firmer than any of the preceding ofltets, is 
mainly given off from the lower part of the solar plexus and the superior mesenteric 
ganglion, but it also receives fibres from the right pneumo-gastric nerve at its 
junction with the coeliac plexus. Surrounding the trunk of the superior mesenteric 
artery, it divides into secondary plexuses which agree in name and distribution with 
the branches of that vessel. In their progress to the intestine some of the nerves 
quit the arteries which first supported them, and are directed forwards in the 
intervals between the vessels. As they proceed they divide, and unite with lateral 
branches, like the arteries, but without the same regularity ; they finally pass upon 
the intestine along the line of attachment of the mesentery. 

Aortic plexus. — The aortic or intermesenteric plexus {plexus aarticus 
abdominalis), placed along the abdominal aorta, occupies the interval between the 
origins of the superior and inferior mesenteric arteries. It consists, for the most 
part, of two lateral cords, which are connected above with the semilunar ganglia and 
renal plexuses, and extend downwards on the sides of the aorta, meeting in several 
communicating branches over the front of that vessel. The cords receive branches 
from some of the lumbar ganglia, and at the spots where these join there are often 
small ganglionic enlargements, which are more distinct in the infant. Several 
filaments pass to the root of the inferior mesenteric artery to form the plexus on 
that vessel, and in connection with these is the inferior mesenteric ganglion, placed 
below the origin of the artery. 

The aortic plexus furnishes the inferior mesenteric plexus and part of the 
spermatic, gives some filaments to the lower vena cava, and ends below in the 
hypogastric plexus. 

Inferior mesenteric plexus. — This plexus is derived principally from the left 
lateral part of the aortic plexus, and closely surrounds with a network the inferior 
mesenteric artery. It distributes nerves to the left or descending and the Mgmoid 
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colon, and assists in supplying the rectum. The nerves of this plexus, like those of 
the superior mesenteric plexus, are firm in texture and of a whitish colour. 

The highest branches (those on the left colic artery) are connected with the last 
branches (middle colic) of the superior mesenteric plexus, while others in the pelvis 
unite with offsets derived from the pelvic plexus. 

On the branches of the OGBliac and meeenterio plexuses Pacinian corpuscles are often 
present. They are very yariable in number, and are not so numerous or regular in man as in 
the cat. Their most frequent seat is in the loose tissue behind the pancreas. 

EYFOaASTRIO PIiXZUS. 

The hypogastric plexus, the assemblage of nerves destined for the supply of the 
viscera of the pelvis, lies, invested in a sheath of dense connective tissue, in the 
interval between the two common iliac arteries. It is formed by the prolongations 
of the aortic plexus on each side, which receive considerable branches from the 
lumbar ganglia, and, after crossing the common iliac artery, interlace in the form of 
a flat plexiform mass placed in front of the lowest lumbar vertebra. The plexus 
contains no distinct ganglia. At the lower end it divides into two parts, which 
are directed downwards, one to each side of the pelvic Tiscera, and form the pelvic 
plexuses. 

FXZiVIC FUBZUB. 

The pelvic or inferior hypogastric plexuses (fig. 234, jt?/), one on each side, are 
placed in the lower part of the pelvic cavity by the side of the rectum, and of the 
vagina in the female. The nerves, continued from the hypogastric plexus, enter 
into repeated communications as they descend, and form at the points of connection 
small knots, which contain a little ganglionic matter. After descending some way» 
they become united with branches of the spinal nerves, as well as with a few offsets 
of the sacral ganglia, and the union of all constitutes the pelvic plexus. The spinal 
branches which enter into the plexus are furnished irom the third and fourth sacral 
nerves, sometimes also the second. Small ganglia are formed at the places of union 
of the spinal nerves, as well as elsewhere in the plexus. 

From the plexus so constituted, numerous nerves are distributed to the pelvic 
viscera. They correspond in great measure with the branches of the internal iliac 
artery, and vary with the sex ; thus, besides heemorrhoidal and vesical nerves, which 
are common to both sexes, there are nerves special to each : — namely, in the male 
for the prostate, vesicula seminalis, and vas deferens ; in the female, for the vagina, 
uterus, ovary, and Fallopian tube. 

The nerves distributed to the urinary bladder and the vagina contain a larger 
proportion of spinal fibres than those furnished to the other pelvic viscera. 

Smmorrhoidal plaxns. — ^These slender nerves proceed from the upper part of 
the pelvic plexus. They join with the nerves (superior hsBmorrhoidal) which descend 
with the inferior mesenteric artery, and penetrate the coats of the rectum. 

Vasiiml plexus. — The nerves of the urinaiy bladder are very numerous. They 
are directed from the lower part of the pelvic plexus to the side and lower part of 
the bladder. At first these nerves accompany the vesical blood-vessels, but after- 
wards they leave the vessels, and subdivide into minute branches before perforating 
the muscular coat. of the organ. The lower part of the ureter is also supplied by 
these nerves ; and secondary plexuses are given in the male to the vas deferens and 
the vesicula seminalis. 

The nerves of the vas deferens ramify round that tube, and communicate in the 
spermatic cord with the nerres of the spermatic plexus. Those furnished to the 
vesicuia seminalis form an interlacement on the vesicula, and some branches 
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penetrate its substance. Other filaments from the prostatic nerves reach the same 
structure. 

Prostatio pleziiB. — The nerves of this plexus are of considei-able size, and pass 
between the prostate gland and the levator ani. Some are furnished to the prostate 
and to the vesicula seminalis ; and the plexus is then continued forwards to supply 
the erectile substance of the penis, where its nerves are named cavernous, 

Cavernoits nerves of the penis, — These are very slender, and diflBcult to dissect. 
Continuing from the prostatic plexus, they pass onwards beneath the subpubic arch 
and through the muscular structure connected with the membranous part of the 
urethra, to the dorsum of the penis. At the root of the latter, the cavernous nerves 
are joined by some short filaments from the pudic nerve. Having distributed twigs 
to the fore part of the prostate and the membranous part of the urethra, these nerves 
divide into branches for the erectile substance of the penis, as follows : — 

The small cavernous nerves perforate the fibrous covering of the corpus caver- 
nosum near the root of the penis, and end in the erectile substance. 

The large cavernous nerve extends forwards on the dorsum of the penis, and 
dividing, gives filaments which penetrate the corpus cavemosum, and pass with or 
near the cavernous artery. As it continues onwards, this nerve joins with the 
dorsal branch of the pudic nerve about the middle of the penis, and is distributed to 
the corpus cavernosum. Branches from the foregoing nerves reach the corpus 
spongiosum urethrse. The cavernous nerves are composed mainly of pale fibres. 

Vaginal nerves. — The nerves furnished to the vagina leave the lower part of 
the pelvic plexus — that part with which the spinal nerves are more particularly 
combined. They are distributed to the vagina without previously entering into a 
plexiform arrangement ; and they end in the erectile tissue on the lower and 
anterior part, and in the mucous membrane. 

Verves of the nterae. — These nerves are derived mainly from the lateral 
fasciculus prolonged to the pelvic plexus from the hypogastric plexus, but some 
filaments are also added from the third and fourth sacral nerves. They are directed 
upwards with the blood-vessels, between the layers of the broad ligament, along the 
side of the organ, and some slender filaments accompany the branches of the uterine 
artery, but the larger number of the nerves sink directly into the substance of the 
uterus, penetrating for the most part its neck and the lower portion of its body. 
They form connections in the broad ligament with the ovarian nerves, and the 
fundus of the uterus also receives an offset from that plexus. Numerous small 
ganglia are contained in the plexus by the side of the neck of the uterus, and a 
cluster of these constitutes the ganglion cervicale of Frankenhftuser. They appear 
to be absent in the muscular substance of the organ. One branch continued 
directly from the common hypogastric plexus, reaches the hinder surface of the body 
of the uterus above the rest ; and a nerve from the same source ascends to the 
Fallopian tube. 

The nerves of ihs gravid uterus have been frequently investigated, with a view to 
discover if they become enlarged along with the increase in size of the organ. It is 
ascertained that the increase which takes place is confined, for the most part, to the 
thickening of the fibrous envelopes of the nerves ; but it is stated also that fibres 
furnished with a medullary sheath, which in the unimpregnated state of the uterus 
lose that sheath as they proceed to their distribution, in the impregnated condition 
of the uterus continue to be surrounded with it as they run between the muscular 
fibres (Kilian). 
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MOBPHOLOGY OF THX PXRIFHaiLAIi NUBVXS. 

SPINAL NEBVEB. — Segmentation. — The spinal nerves in their arraogement as they 
leave the vertebral column exhibit in a marked degree the character of segmentation. This is 
not the case however at their attachment to the spinal oord, where the filaments of both the 
anterior and posterior roots form each a nearly continuous series along the whole length of 
the cord. In their connection with the grey matter of the spinal cord there is again evidence 
of a segmental arrangement, which appears not to correspond exactly to the segmentation 
seen in the nerve-trunks, for it seems probable that the fibres composing one jMsterior root, 
for example, may be connected with more than one segment of the spinal cord (cf. p. 350). 

Mode of division. — A typical segmental nerve, on leaving the vertebral canal, divides at 
once into two parts, which are known as the anterior or ventral, and the posterior or dorml 

Fig. 288. — Plan of thb modi of BfiAMCHiMO of a 

SEaXKNTAL RIBVB. 

primary divi/tions. In addition to these, the trunk also 

gives off a small recurrent or meningeal branch to the 

interior of the spinal canal, and the anterior division 

furnishes a branch to the sympathetic. The primary 

branching of the nerve may thus be looked upon as a 

separation into four parts, of which the anterior, posterior, 

and recurrent divisions are said to be somatic , while the 

offset to the sympathetic is usually called msceral or 

splanchnic {ramus visceralis). The latter term, although often convenient, is, however not 

strictly accurate, since the sympathetic division contains, in addition to visceral fibres, other 

fibres which influence the unstriped muscles of the vessels and skin of the trunk and limbs, 

parte which are of somatic origin. 

Posterior priznary divisions. — These supply the dorso-lateial muscle (see Vol. II, p. 347) 
and the overlying integument. As a rule, each is divided into internal and external branches 




Fig. 239. — Plan of an upveb dorsal nbbve, 

SHOWING THB TYPICAL MANNER OF BRANCH- 
ING OF THB ANTEEIOB AND P08TBRI0R 
PRIHART DIVISIONS OF A SEGMENTAL NEBVE. 
(G. D. T.) 
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corresi)onding to the cleavage of the dorso- 
lateral muscle, and from one only of these 
an offset passes to the skin. The first cer- 
vical nerve has no external branch or 
cutaneous offset ; while the IsCst two sacral 
and the coccygeal nerves give off no muscu- 
lar branches, as the dorso-lateral muscle 
terminates at the fourth sacral vertebra, 
and therefore they do not divide into the 
usual two branchea As has been previously 
pointed out (p. 341), cutaneous branches are 
not usually furnished by those nerves, the 
anterior divisions of which occupy a central 
position in the limb-plexuses (lower cervical 
and lower lumbar nerves). 

Anterior primary divisions. — In the 
primitive condition the anterior primary 
division of a segmental nerve supplies the 
ventro-lateral muscle of the segment and a 
corresponding zone of skin. The cutaneous 
or perforating branches are two in number, 

a lateral, which again divides into anterior and posterior branches, and an anterior. This 
arrangement is however retained only in the nerves from the second dorsal to the first lumbar 
inclusive. Above and below the region thus indicated the prinutive condition is much 
modified by the union of the nerves in plexuses, in great part for the supply of the limba 
But the cutaneous distribution of each of these nerves, as has already been shown (p. 345), 
is to a definite continuous area of skin, altered in shape and position in consequence of 
growth-changes, and in the case of the central limb-nerves shifted so much that all connec- 
tion with the trunk is lost. 
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Nerves of the llznbe. — As to the morphological nature of the limb-Derres, it is held by 
Paterson, Eisler, and others that they represent the whole of the anterior primary divisions 
of segmental nerves, but it seems probable that the view enunciated by Goodsir, namely, that 
the limb-nerves are greatly developed lateral perforating branches of segmental nerves, is the 
better founded. At the same time it is to be noticed that the increase of the lateral branch 
for the supply of the limb is accompanied by a reduction of the other portions of the 
segmental nerve, which proceeds so far that the anterior and posterior cutaneous offsets, ai 
well as the visceral branch, are all wanting in the case of the central nerves of the limb- 
plexuses. 

The transition from the typical segmental nerves to the modified form met with in the 
limbs takes place gradnally, and may be thus traced. The third dorsal nerve has the l^pical 
character ; the second differs but little, its posterior cutaneous branch is drawn out over the 
scapula, and its lateral perforating branch becomes enlarged and extends down the arm. 
forming a connection with the brachial plexus, while some of the fibres belonging to this 
division often begin to take a shorter course to the plexus through the communication with 
the first dorsal nerve (p. 307). In the first dorsal nerve the lateral branch, greatly enlarged, 
passes directly into the brachial plexus, the anterior and posterior cutaneous offsets are small, 
and sometimes wanting, and its contribution to the sympathetic is less than that of the 
second. The eighth, seventh and sixth cervical neinres consist almost wholly of large lateral 
offsets, the anterior and posterior perforating, and the visceral branches are suppressed, and 
the supply from the anterior primary division to trunk-muscles is represented only by the 
twigs to the scaleni and longus colli. With the fifth cervical nerve the posterior cutaneous 
branch reappears ; and in the fourth, third, and second nerves the lateral offsets are freed from 
the limb-plexus (except the fourth to a slight extent in some cases), and furnish the super- 
ficial branches of the cervical plexus, the lower of which are however drawn out over the root 
of the limb, while anterior perforating branches are wanting. 

At the lower part of the trunk, the twelfth dorsal and first lumbar nerves have the charac- 
teristic segmental disposition, but their posterior and lateral perforating branches are drawn 
down over the root of the limb, as is the case also to a slight extent with a part of the anterior 
perforating branch of the first lumbar (ilio-inguinal nerve), while a small part of the fibres of 
this nerve often passes into the limb-plexus. The second lumbar nerve is distinctly inter- 
mediate in character, since it possesses all the branches of a segmental nerve, although its 
larger part passes into the limb-plexus. Its anterior perforating branch is represented by the 
genital division of the genito-crural, and its lateral cutaneous offset by the fibres passing to 
the crural division of the genito-crural and to the external cutaneous nerve. The third 
lumbar nerve has a posterior perforating offset, but it consists mainly of a large lateral 
division passing into the plexus ; an anterior perforating branch is wanting, and the contribu- 
tion to the sympathetic is very small or absent. The fourth lumbar is purely a limb-nerve, 
the posterior and anterior cutaneous and the visceral offsets being suppressed. The fifth 
lumbar is like the fourth, except that it may have a small posterior cutaneous offset ; and this 
branch is regularly present in the succeeding nerves. With the second sacral nerve the con- 
tribution to the limb-plexus diminishes, the visceral branch reappears, the lateral cutaneous 
branch begins to be more independent in the small sciatic and perforating cutaneous nerves, 
and the continuation of the trunk to form an anterior perforating oSaet is to be recognized in 
the pudic nerve. The third sacral furnishes only a small contribution to the limb-plexus, and 
both it and the fourth sacral have the usual constitution of segmental nerves, but their 
anterior primary divisions are more or less closely united in the pudic nerve. Of the branches 
of the latter, the inferior hsemorrhoidal probably corresponds to a lateral perforating offset 
while the perineal division and the dorsal nerve of the penis represent anterior perforating 
offsets. 

In the foregoing sketch it has been shown that the lateral divisions of the nerves are 
enlarged and carried outwards to supply the Integument of the limbs. The cutaneous offsets 
of some of the posterior primary divisions are also drawn out to a slight extent over the roots 
of the limbs (esjiecially the lower), but they do not enter into the plexuses. The anterior 
perforating branches however are not extended to the limbs, except the first lumbar to a slight 
degree where the lower limb impinges upon the area of these nerves. The supply of the 
muscles of the limbs by lateral divisions of spinal nerves offers no difficulty, since these 
muscles are derived from the superficial layer of the great ventro-lateral muscle (see YoL II, 
p. 274), and the obliquns extemus, the sole trunk-muscle of this layer (the pectorales, seiratus 
magnus, latissimus dorsi, &c., being limb-muscles, and deriving their nerves from the limb- 
plexus), is supplied by the lateral cutaneous branches of intercostal nerves. 

The number of nerves entering the limb-plexus is subject to some variation, not only in 
different animals, but also in different individuals of the same species. In man, the brtu^hial 
plexuJt is formed mainly by the lower four cervical and first dorsal nerves, but contributions 
are often furnished by either or both of the fourth cervical and second dorsal : the number 
varies therefore from five to seven. The lower limb-plexus comprises the greater i>ftrt, bat 
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not the whole, of both the lumbar and sacral plexuses, and the name crural plexus may be 
a£ed for the sum of the nerves constituting the proper limb-plexus. Into this enter usually 
seren nerves, viz., the lower four lumbar and the upper three sacral, but the first lumbar 
nerve in some cases also furnishes a branch, in rare instances even the last dorsal nerve ; 
while at the opposite end the offset from the third sacral may be wantinfr, or in extreme cases 
of low form of plexus the fourth sacral may be drawn in (cf. pp. 313 and 325). 

Id the case of the brachial plexus all the nerves have the same relation to the shoulder- 
girdle, passing behind the clavicle. With the crural plexus the arrangement is different : in 
aasociation with the greater development of the ventnJ portion of the limb-girdle the nerves 
are separated as they enter the limb, one set, the external cutaneous and anterior crural, 
passing in front of the pubic portion of the girdle, a second, the obturator, passing between 
the pubic and ischial portions of the girdle, and a third, the largest, the'gluteal, sciatic, &c., 
passing behind the ischial portion of the girdle — the prezonal, diazanalj and meta zonal nerve* 
of Fiirbringer. Thus there is brought about the separation of the lumbar and sacral plexuses 
of descriptive anatomy ; and the nereu* furcalis is only the nerve (entering into loops like the 
others) which lies at the boundary between the pre- and diazonal nerves on the one hand and 
the metazonal nerves on the other. 

As to the significance of the plexuses, it may be remarked in the first place that the term 
" plexus '^ is somewhat misleading. Except in the case of the brachial plexus, the so-called 
" plexuses " are not interlacements of the spinal nerves, but result from the multiple origin 
of the nerves of distribution, so that most of the offsets of the plexus contain fibres derived 
from two or more segmental nerves. This multiple origin is intimately related to the 
fusion of the myomeres from which the muscles of the limbs are derived, and in association 
with this is the multiple innervation of individual muscles (see p. 364). A similar condition 
is seen in the lower intercostal nerves (p. 310) before supplying the broad muscles of the 
abdomen, in which the constituent myomerio elements are fused, so that these muscles are 
polymeric ajtd pdyneural ; whereas such communications are much less frequent between the 
upper intercostal nerves, which are distributed to the momnneric and mononeural intercostal 
muscles, &c. Similarly also with the cutaneous offsets, the plexuses afford the means by which 
the fibres of two or more seg^mental nerves become mingled in order that they may supply in 
common a given area of skin. Gegenbaur and Fiirbringer look upon the plexuses of the limbs 
aa the result of the shifting of the latter along the vertebral column in the course of phylo- 
genetic development, but it is extremely doubtful whether this shifting of the limbs has 
taken place to the extent supposed by them, and it is difficult to explain in this way the 
presence of the communications between the lower intercostal nerves while they are absent 
between the upper nerves, or the formation of the pudendal plexus. It does not appear that 
the plexuses have a physiological significance, so far at least as the muscles are concerned, 
beyond the provision of the multiple supply, that is, the mingling of the nerves in the plexuses 
does not seem to be necessarily related to any functional grouping of the muscles supplied. 

The nerves entering the limb-plexuses show a remarkable division, the significance of 
which was first pointed out by Paterson, into antc-rlar or ventral aaid posterior or dorsal portions, 
corresponding to the primary subdivisions of the limb-musculature (Vol. II, pp. 274, 275). 
The dorsal and ventral divisions of a nerve entering the limb are regarded by Paterson and 
others, who consider that the limb-nerve represents the whole anterior primary division of a 
spinal nerve, as corresponding respectively to the lateral offset and the anterior portidn of a 
segmental nerve. The ventral divisions of the brachial nerves form the inner and outer cords 
of the plexus, and the dorsal divisions the posterior cord of the plexus. The ventral divisions 
of the crural nerves include the obturator, internal popliteal, and some smaller branches, 
while the dorsal divisions furnish the external cutaneous, anterior crural, external popliteal, 
gluteal, and some other nerves (p. 325). In their cutaneous distribution, while as a general 
rule the skin overlying ventral muscles is supplied by nerves of ventral origin, and that over 
dorsal muscles by the dorsal divisions of the nerves, the limits are not strictly kept, and the 
territory of the one group is often greatly extended at the expense of the other (cf. figs. 221, 
222, and 223). In the following table the nerves of each group are shown, together with the 
probable homologies of the nerves of the two limbs, so far as they can be traced : — 

CLASSIFIED TABLE OF THE NERVES OF THE LIMBS, WITH THEIB 

PBOBABLE HOMOLOGIES. 

UPPBB LlHB. LOWEB LiMB. 

Dmrsal nerves. Dorsal nerves, 

N. to rhomboidei 
Posterior thoracic. 
Suprascapular Branches of anterior crural to iliacus. 

Subscapular (3) ) ' N^ toD'nSormia 

Ciroumflex : muscular part ] ^ i^eriorgluteaL 
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CLASSIFIED TABLE OF THE NERVES OF THE LIMBS, WITH THEIR 

PROBABLE KO^OLOailSS— continued. 



TJppEs Limb. 
Dorsal Tterves, 
Circumflex : cataneons part ... 

MuBcolo-Bpiral. 

Branches in arm 

Rest of trunk? 

Radial 

Posterior interosseous 
Ventral nerves, 

N. to subolavins 

Anterior thoracics 

N. to coraco-brachialis 
Musoulo-cutaneoua 

Muscular part 

Cutaneous part 

Median 

Ulnar 

Internal cutaneous 
N. of Wrisberg 
Intercosto-humeral 



I 



I 



LowEB Limb. 

Dorsal nerves. 
Small sciatic : gluteal branches and outer 

part of femoral division. 
Perforating cutaneoua 

{External cutaneous. 
Anterior crural.^ 
External popliteal. 
Musoulo-cutaneous. 
Anterior tibiaL 

Ventral nerves, 
I Obturator. 

< N. to quadratus f emoris. 
( K. to obturator intemus. 

Branches of internal popliteal in thigh. 
Cutaneous of obturator. 

) Internal popliteal ) ( Internal plantar. 

I and posterior tibial ) ( External plantar. 

Small sciatic : inner part of femoral division 



Becuxrent or meningeal divisions. — These are presumably afferent nerves, and are aaid 
to be furnished by all the spinal nerves (p. 278). 

Visceral or sympathetic divisions. — ^These are the white rami communioantes of the 
sympathetic system, in connection with which their arrangement has been described (p. 358). 
They are absent in the cervical region, as well as from the lower two or three lumbar, first 
sacral, last sacral, and coccygeal nerves. The grey rami communioantes, as has already been 
explained, are not branches of the spinal nerves, but are given off by the sympathetic to the latter. 

Qanglia. — The ganglia found in connection with the peripheral nerves fall into two 
groups, which differ in their structure and position. To the first group belong the sjtinaJ 
ganglia on the posterior roots of the spinal nerves, which contain unipolar nerve-cells. The 
other group includes the ymonsMgnipafhetic ganglia ^\^e cells of which are multipolar. Both 
groups have a common origin, their nerve-cells being derived from the neural crest of the 
embryo (see Embryology, pp. 73 and 81). The spinal ganglia undergo but little change in 
position in the course of development, and are always placed on the posterior roots of the 
nerves at or near their ai)erture of exit from the spinal canal, whence they have been named 
stationary ganglia by Gaskell. The neuroblasts which form the nerve-cells of the sympathetic 
ganglia, however, make their way from the primitive ganglion-rudiments along the spinal 
nerves and their visceral offsets into the ventral portion of the body, and there become 
collected into groups which give rise to the various sympathetic ganglia — the splanchnic or 
vagrant ganglia of Gaskell. It is probable that all the ganglia of the sympathetic arise in 
this way, but they have as yet been fully traced only in the case of the heart. The mode of 
development especially of the ganglia in the myenteric plexuses of the alimentary canal has 
not been obeerved. 

Constitution of a segmental nerve. — A typical segmental nerve comprises — (1) somatic 
efferent fibres distributed to skeletal muscles ; (2) splanchnic efferent or symjmthetie fibres 
passing through the sympathetic system, where many if not all are interrupted by the nerve- 
cells of the ganglia, to the visceral muscles and other unstriped muscles of the body, as well 
as to the glandular organs ; (3) simvatic afferent fibres supplying the skin and other parte of the 
body- wall with sensory nerves ; and (4) splanchnic afferent fibres furnished to the viscera. 
The somatic efferent fibres and the greater part, if not the whole, of the splanchnic efferent 
fibres constitute the anterior root of the nerve, while the somatic afferent fibres run in the 
posterior root, being connected with the cells of its ganglion, and the same is probably the 
case with the splanchnic afferent fibres. In the cervical region, in addition to the two roots of 

1 According to Euler the anterior crural nerve is not exclusively dorsal, but contains both ventrii 
and dorsal elements. The ventral part comprises the internal cutaneous nerve, the branch to the 
pectinens, and the internal saphenous nerve. Instead of occupying a ventral position at their origin, 
however! these branches are placed on the mesial side of the trunk, in consequence of a torsion, 
amounting to about 90*", which is to be recognised in the bundles of the nerve between the lumbar 
plexus and Poupart's ligament, and which is probably associated with the inward rotation of the limb 
during development 
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the oerrioal i^mentol nerves, there is aUo, ariBin^ separately from the cord, the spinal 
Bcoeseorf nerve, whioh, althoa(;h reckoned with the cranial nerrea, is in ^rroatest part of spinal 
origin- 'Riis beloni^ to a gronp, more developed amongfSt the cranial nervep, which is 
designated bj Gaikell tpUmchnic non-gangiionated nfferent, bnt as it is dintributed to skeletal 
monclei, it ia better termed lateral laamtic efferent. The somatic efferent Gbrea in tbia region 
are therefore agnin divided into a menial let, which arise from the cells of the fore part and 
inner side of the anterior horn of the gray matter of the cord, and a lateral irt derived from 
oella placed at the enter part of the anterior horn. It is nnoertain whether the latter fibren 
»rB reprBBented in the lower parte of the cord, bnt Gaskell places the phrenic nerve and the 
branobes sapplying the tronsversalis abdominis muscle in this group ; if preeent, they also run 
in the anterior roots of the spinal nerves. 

OBANIAIi ITEKVBS.—Tbeattempt to determine the morphological position of thecrBOial 
nerves is beset with difflonlties. and any olassificatioD that is based on the facts at present 
known with regard to their development, connections, and functions can only be rej^arded as 
tentative. Assuming that they include the representatives of a series of segmental nerves, the 
amutgement is profoundly modified, on the one band by the separation of the constituent 
portions of some of these nerves so as to form independent tmnks, and on the other by the 
coalescence of elements belon|;ing to different segments in a single stem. In many cases also 
parts of the typical segmental nerves are suppressed, either not being formed in the embryo, 
or disappearing more or lexs completely in the course of development. So ereat indeed is the 
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change that it may be afflrmed that no cranial n 
corresponds exactly to a single complete segmental n 
region for example. 

In considering the cranial nerves from this point of view the first two pairs are generally 
net aside as occupying an exceptional position, but evidence is not wanting that these have in 
HOme respects a similar oryrinto other sensory nerves. According to van Wijhe and Hoffmann 
the olfactory nerves are developed at the anterior ma^in of the neuropore, at a spot where 
the Boor of the neural groove or canal posses into the epidermis. This wonld correspond to 
the foremost part of the ganglion-groove of His, the forerunner of the neural or ganglion 
crest, at the place where it passes from one side to the other, followini; the margin of the 
mednllary plate, and is not irreooncileable with the statement of Hilnes Marshall that the 
olfactory nerves are derived from the foremost part of the nenral crest. The optic nerve, 
including the retina, is developed as a hollow outgrowth of the neural tube, and Hoffmann 
states that in the elosmobranch the dorsal portions of the other cranial nerves are formed in 
the same way. their ganglion -rudiments at first enclosing a cavity whioh is oontinnous with 
the mednllary canal, so that the retina would correspond to a specially developed root-ganglion, 
and the optic nerve to a dorsal root. The relations of these nerves to the head segments. 
however, have not been ascertained, and at all events for the present they cannot be grouped 
amongst the segmental nerves. In the following observations therefore only the ten nerves 
from the third to ihe twelfth inclusive are dealt with. 

Conatltutlon of the cranial nerves. — Four of these nerves, namely, the twelfth, the 
sixth, the fourth, and the third, arise from largu-colled nuclei forming a i;ronp which appears 
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to be in series with the anterior and internal cell-oolumns of the anterior cornu of the spinal 
oord. These nerves also, with the exception of the fourth , emerg'e from the aziB in a line 
which forms a continuation 'of that of the anterior roots of the spinal nerves, and like those 
they consist mainly of large fibres (not so large in the hypoglossal however as in the others), 
which are distributed to voluntary muscles. In this group therefore are comprised the menoZ 
somatic efferent fibres of the cranial nerves.^ 

It has already been seen that in the upper cervical regfion the lateral somatic efferent fibres 
are separated from the anterior roots, and form the spinal accessory nerve, which arises from 
the outer group of cells of the anterior horn. Proceeding upwards in the brain-stem, the 
following nuclei form a lateral series from which the fibres of this group arise — the bulbar 
portion of the accessory nucleus in part, the accessory vago-glosso-pharyngeal nucleus (nucleus 
ambiguus), the facial nucleus, and the nuclei of the motor root of the fifth nerve, ventricular 
and mesencephalic. The cells of the facial and accessory vago-glosso-pharyngeal nuclei are of 
moderate size, but they are larger in the motor nuclei of the fifth nerve and in the nucleus of 
the spinal accessory nerve. The fibres of the nerves arising from these nuclei are mostly of 
medium size, but the spinal part of the spinal accessory consists of large fibres. 

Splanchnic efferent fibres, characterized by their small size, are present in the bulbar 
portion of the spinal accessory nerve, in the vagus nerve of which they form a large part, in 




uinMM.soii.CFrt 



^yfio^ssal 



McauuL soiMTic cprcRCNfr 



Fig. 241. — Plan of thr ARRANOSMSirT or the constituknt fibrks op ths cranial nkrvks in thb 

BULB. (Based on Gaskell, with modifications.) (G. D. T.) 



the glosso-pharyngeal nerve (small superficial petrosal branch), in the facial nerve (large 
superficial petrosal branch and the efferent part of the chorda tympani), and in the third 
nerve (ciliary portion). The origin of the splanchnic efferent fibres in the spinal cord has not 
been determined, but in the brain-stem there are special nuclei from which the fibres of this 
gproup arise. These are the bulbar portion of the accessory nucleus (in part), the small-celled 
vago-glosso-pharyngeal nucleus, from which not only the splanchnic efferent fibres of the 
vagus and glosso-pharyng^l proceed, but according to Duval also those of the facial through 
the portio intermedia, and the groups of smaller cells at the upper end of the oculomotor 
nucleus (see Part 1 of this Volume, p. 99). 

Somatic afferent fibres constitute the greater part of the large root of the fifth nerve and 
the auditory nerve ; and a small group of these fibres occurs also in the vagus, composing its 
auricular branch. Splanchnic afferent fibres are contained in the facial (afferent part of the 
chorda tympani), glosso-pharyngeal and vagus nerves, probably also in the sensory -paxt of the 
fifth nerve. With regard to the central connections of these fibres it is to be remarked that 
many of them descend in the bulb and upper i>art of the spinal cord, forming the so-called 
" ascending roots " — the funiculus solitarius for the vagus and glosso-pharyngeal, perhaps also 
for the portio intermedia, and the bulbar root of the fifth nerve. A great number of the fibres 
encer the auditory nuclei, the sensory nucleus of the fifth nerve and the substantia gelatinosa, 
which may be looked upon as derivatives of the posterior horn of the grey substance of the 
oord, just as the nerves at their attachment to the brain-stem form a series continuing the 

' According to Hatschek there are also ventral roots to the glosso-pharyngeal and vagus nerves in 
Ammocoetes, and the same have been described in the embryo of man and the rabbit by Zimmennann. 
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line of the posterior roobs. The afferent fibres, both somatic and splanchnic, are offnets of the 
cells of stationary ffanglia (see below) and grow thenoe into the cerebro-spinal axis. The 
constituent fibres of the several cranial nerves are shown in the f oUowing table : — 

TABLE SHOWING THE CONSTITUTION OF THE CRANIAL NERVES FROM 

THE THIRD TO THE TWELFTH. 



Cranial 

NERVX. 



Third 

POUBTH 

Fifth 
Sixth 

Sbvekth 

EiaHTH 

Ninth 
Tenth 

Elbvbrth 



Mesial somatic Lateral somatic 
efferent. efferent 



Splanchnic efferent 



To orbital 
moscles. 

To obliqaaR 
snperior. 



To rectus 
extemus. 



Motor root. 



Twelfth 



To tongne- 
miLscTes. 



Ciliaiy. 



Splanchnic afferent 



Somatic 
afferent 



Sensory 



Facial, main 
part 



To Btylo- 
pharyngeus. 



Laige superficial petro- 
sal nerve ; chorda 
tympani, fibres to sab- 
maxillary ganglion. 



Small superficial petro- 
sal, to otic ganglion. 



Chorda tympani, 
taste-fibres. 



root. 



To laryngeal To anstriped muscle of 
muscles ? alimentary canal, air- 

passages, ke. 



To stemo- 
mastoid and 
trapezius ; 

to laryngeal 
muscles ? 



To palatine and pharyn- 
geal muscles ; cardiac 
inhibitory fibres. 



Lingual, including 
taste-fibres. 

From alimentary 
canal, air-passages, 
ke. ; cardiac de- 
pressor fibres. 



Auditory. 



Auricular. 



Qanfflla. — The ganglia in connection with cranial nerves also fall into the two groups, 
stationary and vagrant, which have been characteriEed in dealing with the spinal nerves 
(p. 384). 

Stationary ganglia necessarily occur only on those nerves which contain afferent fibres. 
They are the Gasseriau ganglion on the large root of the fifth nerve, the geniculate ganglion 
on the portio intermedia, the acoustic ganglion on the auditory nerve (see p. 256), the jugular 
and petrosal ganglia of the glosso-pharyngeal nerve, and the upper ganglion (possibly also the 
lower) of the pneumo-gastric nerve. The nerve-cells are unipolar, like thOi»e of the spinal 
ganglia, in all of these except the acoustic ganglion, in which the cells retain their primitive 
bipolar form. There are also found upon the roots of the third, fourth, motor part of the 
fifth, and seventh nerves traces of ganglionic structure which are regarded by Gaakell as 
indications of the former existence of stationary ganglia and afferent fibres belonging to those 
nerves. In some animals, and in rare cases in man, there is moreover a gangliated posterior 
root to the hypoglossal nerve. 

The vagrant ganglia in connection with the cranial nerves include four ganglia usually 
associated with the fifth nerve, namely, the ciliary, spheno-palatine, submaxillary, and otic, 
all of which are of sympathetic type, containing multipolar nerve-cells, and according to 
GhMkell also the lower ganglion of the vagus, the cells of which are, however, of the spinal 
type. The ciliary, spheno-palatine and otic ganglia are known to be developed as offsets of 
the Ganserian ganglion, and the same is probably the case with the submaxillary ganglion, 
but they receive splanchnic efferent fibres, with which they form physiological conaections, 
from ot^er sources — the ciliary ganglion from the third nerve, the spheno-palatine ganglion 
from the facial nerve (portio intermedia ?), the submaxillary ganglion from the portio 
intermedia through the chorda tympani, and the otic ganglion from the glosso-pharyngeal. 
The condition in the last three cases resembles that in the sympathetic, where a given ganglion 
of the cord, presumably derived from the spinal ganglion of the same segment, receives 
efferent fibres from spinal nerves at different levels. 
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Begmentation. — It has been shown in some of the lower yertebrates, especiaUy elasmo- 
branchs, that at least nine seg'ments are included in the constitation of the head (see 
Embryology, p. 161), and it is probable that the number is not less in the higher yertebrates, 
although it may be that the segments liaye not the same morphological yalue in all cases, 
since there is reason for belieying that only six of these belonged primitiyely to the head, 
while three or more, originally spinal, haye also become incorporated in the head in later 
stages of phylogenetic deyelopment. Assuming proyisionally, howeyer, that the neryes of nine 
segments are represented more or less completely in the ten cranial neryes, there is still much 
uncertainty as to the manner in which some of these neryes are to be allotted to the aeyeral 
segments. It is also to be obseryed that, as in the case of the spinal neryes, the segmentation 
which is to be recognized in the centa*al grey matter does not always correspond to the 
segmentation represented in the nenre-trunks, since fibres which arise from what appears to 
be a single segmental nucleus may {Miss out in neryes at different leyels, and conyersely, a 
single nerye may contain fibres deriyed from the nuclei of more than one segment. 

The third nerye belongs to the first head-segment. It includes a large-fibred mesial 
somatic efferent part, distributed to the orbital muscles deyeloped from the first somite, and a 
small-fibred splanchnic efferent part passing to the ciliary ganglion. The lateral somatic 
efferent fibres of this segment are perhaps represented, as suggested by Gaskell, by the ocular 
facial, which arises from the oculomotor nucleus (p. 251). The ophthalmic diyision of the 
fifth appears to be the afferent nerye of this segment. In the elasmobranoh Hoffmann finds 
that the "ramus ophthalmicus profundus," which corresponds to the nasal nenre of man 
(Ewart), is deyeloped independently of the rest of the fifth nerye, and in dose relation to the 
first somite. OaskeU considers, howeyer, that the afferent fibres of the first segmental nerye, 
with their stationary ganglion, haye undergone degeneration, and are now represented only by 
the yestigial structure in the roots of the third nenre ; and his yiew receiyes support from the 
obseryation of Martin that in the early embryo of the cat the third nerye is proyided with a 
dorsal root, which subsequently disappears.^ 

The fourth nerye, supplying the superior oblique muscle formed from the second somite, 
is the mesial somatic part of the second segmental nerye. The fifth nerye, excluding the 
ophthalmic diyision, also belongs to this segment (Hoffmann), of which the small root of the 
fifth will therefore form the lateral somatic efferent nerye, while the superior and inferior 
maxillary portions of the large root will be the afferent nenre. The existence of splanchnic 
efferent fibres is uncertain, since it is not known whether any efferent fibres are furnished by 
the fifth nerye to the spheno-palatine, submaxillary, and otic ganglia, all of which must be 
referred to this segment if, as is most probable, they are deriyed from the Gasserian ganglion, 
although they receiye efferent fibres from other segmental neryes {cf. mpra). 

The third segmental nerye includes the sixth, seyenth, and eighth cranial nerves. The 
sixth is the mesial, and the facial proper the lateral somatic efferent portion together with, in 
the large superficial petrosal branch, a part of the splanchnic efferent. In the portio inter- 
media are comprised also splanchnic efferent fibres to the submaxillary ganglion and splanchnic 
afferent fibres which are connected with the geniculate ganglion. The somatic afferent part 
is the auditory, with the acoustic ganglion, the resemblance of which to the posterior root of 
a spinal nenre has already been pointed out (p. 256). 

The fourth segmental nenre, according to Hoffmann, is suppressed. A rudiment is present 
in the early embryo of the elasmobranoh, but it afterwards aborts. It would seem possible 
that the portio intermedia, in yiew of its central connection and partially independent course, 
might belong to this segment. 

The nerye of the fifth segment is the glosso-pharyngeal. In this, mesial efferent, and 
afferent somatic fibres are altogether wanting. Lateral somatic efferent fibres are present in 
the branch to the stylo-phaiyngeus, and probably arise from the aooessory yago-glosso- 
pharyngeal nucleus. Splanchnic efferent fibres run in the small superficial petrosal nerye to 
the otic ganglion. The chief part of the nerye howeyer is composed of splanchnic afferent 
fibres, which enter the funiculus solitarius. 

The sixth and seventh segmental nenres are united in the yagus (Hoffmann), which con- 
tains fibres of all groups except mesial somatic efferent (see p. 386). The latter fibres of the 
seyenth segment may be included in the hypoglossal nerve, which is composed of the mesial 
somatic efferent parts of the last three or more cephalic (originally first spinal) segmental 
nerves. Otherwise, these segmental nerves are only represented (doubtfully) by the oral 
fibres of the facial which are said to arise from the hypoglossal nucleus (lateral somatic 
efferent), and by the bulbar part of the spinal accessory (lateral somatic efferent and 
splanchnic efferent), except in those cases in which the hypoglossal nerve is proyided with a 
gangliated dorsal root. 

The arrangement sketched out above is summed up in the annexed table. 

^ What appears to be a gangliated dorsal root to the oculomotor nerve has also been described by 
Knpffer in Ammocoetes, and by Proriep in Torpedo. 
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Conna and dlatribntioxi. — ^While it is obvions that in the distribution of the cranial 
nerves the s^^mental arrangement, if it ever existed, has been in many cases greatly modified, 
there are certain strikiDg relations between the coarse and distribution of some of these 
nerves and the developmental sabdivisions of the head. 

The distribution of the third, fourth, and sizUi nerves to the muscles of the first three 
somites has already been pointed out. The nasal branch of the ophthalmic division of the 
fifth is the nerve of the fronto-nasal process. The inferior maxillary is the nerve of the 
mandibular arch, its motor root supplying the muscles of that arch (Vol. II, p. 349). and its 
sensory part extending by its splanchnic lingual branch into the part of the tongue which is 
formed from the tuberculum impar in the concavity of the arch. The superior maxillary 
nerve is the offset f urmshed by the more primitive mandibular nerve to the maxillary prooess. 
The three divisions of the fifth supply the skin externally, and the mucous membrane inter- 
nally, of their respective portions of the face ; and they send dorsal branches— supraorbital 
and supratrochlear, temporo-malar, and auriculo-temporal — ^to ramify over the neural cavity 
in the same way as the posterior divisions of the spinal nerves, the cutaneous area of which 
they continue anteriorly. 

The facial is the nerve of the hyoid arch, supplying the muscles of that arch — stapedius, 
posterior belly of digastric, and stylo-hyoid — and the system of cutaneous muscles which 
according to Rabl take their origin in that arch (Vol. II, p. 849). 

The glosso-pbaryngeal is the nerve of the third cephalio visceral (first branchial) arch, in 
which it runs to the root of the tongue, but its lingual distribution extends considerably 
beyond the part which is formed from that arch. It also supplies the muscle of the third 
arch — ^the stylo-pharyngeus. 

The vagus is a complex nerve. Its auricular branch, somatic in nature, is the diminished 
representative of a largely developed somatic portion in fishes, known as the ^ lateral branch.** 
The superior laryngeal is the nerve of the fourth visceral (second branchial) arch, and the 
Inferior laryngeal of the fifth (third branchial) arch, the latter being drawn down so as to 
acquire its recurrent character by the shifting of the arteries during development The 
remaining portion of the vagus extends far beyond the limits of the head, and supplies nearly 
the whole of the alimentary canal with its derivatives, and other abdominal organs, the 
greater part of which, it is to be noted, are developed from the f oregut or cephalic segment of 
the enteric cavity. The accessory part of the spinal accessory in its distribution cannot be 
separated from the vagus ; and the spinal portion of the same nerve is not morphologically 
cranial, but entirely spinal both in origin and distribution. 

Lastly, the hypoglossal nerve, also spinal originally, is distributed to tongue-muscles, 
which are also foreign to the head, being probably derived from the longitudinal system of 
the ventral muscles of the trunk (Vol. II, p. 848). It is thus in series with the upper 
cervical nerves supplying the muscles of the front of the neck, and the connection that 
is formed between the hypoglossal and these, nerves, giving rise to the ansa oervicalis, dec., 
may be regarded as representing a prolongation of the cervical plexus. 
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Abdomen, nerves to muscles of, 352 
Abdominal branch of ilio-hypogastric, 315 

intercostal nerves, 310 

splanchnics, 367 

viscera, afferent nerves of, 370 
Abducent nerve. See Nerve. 
Accelerator fibres of heart, 367, 369 
Accessory nerve. See Nekve. 
Acoustic ganglion, 256, 387, 388 
Acromio-clavicnlar joint, nerves of, 293, 294 
Afferent nerves. See Nerves. 
Alveolar nerves, 239, 240, 247 
Ampullary nerves, 257, 258 
Ankle-joint, nerves of, 332, 333, 335, 337, 338 
Ansa (loop) cervicalis, 273, 287, 288, 390 

subclavia, 365, 366 
Anterior crural nerve. See Nerve. 

cutaneous nerves of abdomen, 310, 311, 381 
thorax, 307, 308, 310, 381 

interosseous ai'tery, nerves of, 301 

roots of spinal nerves, 276, 358, 359, 381, 

384 
thoracic nerves. See Nerves. 

tibial nerve. 335, 336, 337, 384 

Antrum, maxillary, nerves of, 338 

Anus, nerves to muscles of, 352 

Aortic plexus, 370, 375, 376, 377 

Aorticoi-enal ganglion, 369, 375 

Ann, cutaneous nerves of, 343 

nerves to muscles of, 353 

Arnold, ganglion of. See GA^'GLION, Otic. 

nerve of, 265 

Arteri'^, nerves of, anterior interosseous, 301 

brachial, 297 

carotid, external, 364 

internal, 362 

central of retina, 362 

cerebral, 362 

femoral, 319 

internal mammary, 366 

ophthalmic, 362 

palmar, 300 

peroneal, 333 

subclavian, 366 

tibial, anterior, 332 

posterior, 332 

ulnar, 299 

vertebral, 366 

Articular nerves. See the several joints. 

Ascending branch of upper cervical ganglion, 

361, 362, 366 

branches of cervical plexus, 286 

root of fifth nerve, 233 

Astragalo-calcaneal joint, nerve of, 332 

Astragalo-navicular joint, nerve of, 333 

Atrial plexus, 373 



Auditory meatus, external, nerves of, 246 

nerve. See Nerve. 
Auricular nerves. Su Nerves. 
Auriculo-temporal nerve. See Nebye. 



Back, cutaneous nerves of, 341 

motor nerves of, 352 
Bladder, inhibitory nerves of, 370 

motor nerves of, 370, 372 

sensory nerves of, 350 
Brachial artery, nerves of, 297 

plexus, 283, 289, 307, 382, 383 
Buccal nerves. See Nerves. 
Bulbar plexus of heart, 373 

portion of spinal accessory nerve, 269, 270, 
386, 388 

root of fifth nerve, 233 
Buttock, cutaneous nerves of, 344 



Calcaneal brsnches, 332, 333 
Calcaneo-cuboid joint, nerve of, 334 
Calcaneo-plantar nerve, 333 
Cardiac nerves. See Nerves. 

plexus. See Plexus. 
Carotico-tympanic nerve, 260, 262 
Carotid artery, external, nerves of, 364 
internal, nerves of, 362 
branch of ninth nerve, 260 

upper cervical ganglion, 362 
plexus, 234, 243,250, 260, 362 
Carpo-metacarpal joints, nerves of, 305 
Cauda equina (horse's tail), 277 
Cavernous nerves of penis, 378 

plexus, 230, 233, 235, 238, 362 
sinus, nerves in relation to, 231 
Cavities of head, nerves of, 338 
Cavum (a hollow) Meckelii, 234 
Centra] artery of retina, nerves of, 362 
Cerebral arteries, nerves of, 362 
Cerebro-spinal nerves, 221 

muscular distribution of, 351 
sensory distribution of, 338 
Cervical branch of fanial nerve, 256, 287 
gangliated cord, 361 
. ganglion. See Ganglion. 
nerves. See Nerves. 
plexus, 283, 285 

cutaneous area of, 341 
posterior, 280 
splanchnic nerves, 361 
sympathetic, 361 

constitution of, 366 
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Cenrico-cranial rami yiucerales, 359 
Ceirico-facial division of facial nenre, 252, 255 
Cheat-wall, Denres to muscles of, 352 
Chiasma. See Commissuke. 
Chorda tympani, 226, 247, 248, 249, 253, 256, 

386, 387 
Ciliary gaDglion. See Ganglion. 

nerves. See Nerves. 
Circulos tonsillaris, 261 
Circnmflex nerve, 291, 294, 383, 384 
Clitoris, dorsal nerve of, 328, 330 
Coccygeal ganglion, 371 

nerves. See Nerves. 

nlexus, 323 
Cochlea, spiral ganglion of, 256 
Cochlear neiTe, 257, 258 
Cceliac plexus, ^76 
Colkteral digital nerves, 300, 302, 305, 333 

ganglia, 357, 361 

nerve, nlnar, 303, 304 
Commissure, optic, 227, 228 
Communicating nerve, fibular, 336 
peroneal, 332, 336 
tibial, 332 
Cord, dorso-lum^r, 312, 315 

ganeliated. See Sympathetic. 

liunbo-sacral, 313, 322, 323 
Cords of brachial plexus, 289, 291, 383 
Coronary nerves, 372, 373 

plexus of heart, 372 
of stomach, 376 
Cranial cavity, sensory nerves of, 341 

nerves. See Nerves. 

plexuses of sympathetic, 362 
Cniral nerve, anterior, 313, 317, 319, 383, 384 

plexus, 383 
Cutaneous area of cervical plexus, 341 

of dorsal and first lumbar nerves, 341 

distribution of nerves to trunk and limbs, 344 

innervation of limb, rules of, 345 

nerves. See Nerves. 

or perforating branches of segmental nerves, 

381, 382 
Cystic plexus, 376 



Dental nerves. See Nerves. 

plexus, inferior, 247 
superior, 241 
Depressor nerve, 268 

Descending cervical nerve, 271, 273, 274, 283, 
287, 288 
root of fifth nerve, 233 
Diaphragmatic ganglion, 375 

nerve, 288 

plexus, 37J 
Diazonal (8(0, through ; {«^i girdle) nerves, 383 
Digastric branch of facial nerve, 254, 390 
Digital nerves. See Nerves. 
Distribution of cranial nerves, 225, 338, ^51 

cutaneous, of nerves to trunk and limbs, 

'344 
mus<:ular, of cerebro-spinal nerves, 351 

of spinal nerves, 354 
sensory, of oerebro-spinal nerves, 338 
visceral, of sensory spinal nerves, 350 
Divisions, of nerves of limb-plexuses, 383 

primary, of spinal nerves, anterior, or ven- 
tral, 283, 341, 381, 582 
posterior, or dorsal, 278, 341, 

Dorsal nerve of clitoris, 328, 330 



' Dorsal nerve of penis, 328, 329, 582 
nerves. See Nerve& 
Dorso-lumbar cord or nerve, 312, 315 
Dura mater, nerves of, 341 



Efferent nerves. See Nerves. 

Ei^th pair of cranial nerves. See Nsrvem. 

Elbow-joint, nerves of, 297, 299, 301, 303, 304, 

307 
Eleventh pair of cranial nerves. See Nerves. 
Eyelid, nerves of involuntary muscle of, 367 

sensory nerves of, 338 
Epididymis, sensory nerves of, 351 
Epigastric or solar plexus, 373 
Ethmoidal cells, nerves of, 338 

nerve, posterior, 237 
Eustachian tube, nerves of, 341 
Exit of nerves from cranium, 223 



Face, motor nerves of, 351 

pilo- motor nerves of, 367 

sensory nerves of, 338 
Facial nerve. See Nerve. 
Femoral artery, nerve of, 319 

cutaneous branches of small sciatic, 328 

nerve, 319 
Femur, nerves of, 319, 321, 322 
Fibres, sympathetic, 357, 358 
Fibular branch of posterior tibial, 333 
Fibular communicating nerve, 33d 
Fifth pair of cranial nerves. See Nerves. 
Fila radicnlaria, 275 
Fingers, cutaneous nerves of, 343 
First pair of cranial nerves. See Nbrvks. 
Foot, motor nerves of, 353 

sensory nerves of, 344 
Forearm, motor nerves of, 353 

sensory nerves of, 343 
Fossa, nasal, nerves of, 338 
Fourth pair of cranial nerves. Sec Nervim. 
Frontal nerve, 231, 233, 235, 236 

sinus, nerves of, 338 
Funiculus solitaritis, 258, 261, 386 
Fnrcal {/area, fork) nerves, 313, 325, 383 



Ganoliated cord. See Sympathetic. 
Ganglion or ganglia, aberrantia, 277 
acoustic, 256, 387, 388 
aortico-renal, 369, 375 
of Arnold. See Ganglion, otic. 
cardiac. 373 

cervical sympathetic, lower, 268, 283, 
288. 365 
middle, 283, 288, 365, 366 
upper, 259, 264, 265, 272, 273, 
283, 284, 361, 366, 367 
cervicale uteri, 378 
ciliary, 221, 228, 230, 236^ 237, 241, 

357, 359, 363, 387 
coccygeal, 371 

cceliac, 375 

collateral, 357, 361 

connected with cranial nerves, 387 

diaphragmatic, 375 

Gasserian, 225, 234, 246, 247, 362, 387 

geniculate, 243, 252, 253, 258, 260, 

365, 387, 388 
genicnh, 252 
of hypoglossal nerve, 274 
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Ganglion or ganglia — continued. 
impar, 371 

intenrertebral, 275, 276, 277 
jugular, 258, 259, 387 
jugulare, 262 
lateral, 357 

of lateral root of auditory neiye, 256, 
, 257 

lenticular. See Ganglion, ciliaby. 
linffuaLiS^eeGANOLiON, bvbhaxillart. 
of lingual branches of ninth nerve, 261 
of lingual nerve, 248 
of Meckel. See Ganglion, spheno- 

palatinr. 
mesenteric, inferior, 370, 371, 376 

superior, 375, 376 
lumbar sympathetic, 370 
nasal. See Ganglion, spbeno-pala- 

TINE. 

of nasal nerve, 237 

nodosum, 262 

ophthalmic. iSIse Ganglion, ciliary. 

otic, 221, 237, 244, 246, 248, 260, 357, 

387, 38« 
petrosal, 258, 259, 387 

of pharyngeal plexus, 265 

phrenic, 288, J75 

of posterior pulmonary plexus, 269 

prevertebral, 357 

radicis cochleaiis, 256 

renal, 375 

of root of tenth nerve, 262, 264, 2;o, 

361, 387 
sacral, sympathetic, 371, 377 
semilunar, 367, 369, 375 
semilunare, 234 
spermatic, 375 
spheno-palatine, 221, 237, 238, 239, 

241, 357, 3^7, 388 
spinal, 275, 276, 277, 384 

of spinal-accessory nerve, 270 

spiral of cochlea, 256, 258 

splanchnic, 369 

splanchnic or vagrant, 384, 387 

stationary, 384, 387 

stellate, 366, 369 

sublingual, 248 

submaxillary, 221, 237, ^8, 357, 387, 

388 
superius of ninth nerve, 259 

of suprarenal nerves, 375 

sympathetic, 259, 264, 265, 268, 384, 

387 
temporal, 365 

of tenth nerve, lower, 262, 264, 265, 
272, 284, 361, 387 
upper, 262, 264, 265, 270, 387 
terminal, 357 
of terminal branches of phrenic nerve, 

288 
thoracic, sympathetic, .365, 367 
thyroid, 365 
trunci sympathici, 358 
of trunk of tenth nerve, 262, 264, 265, 

272, 284, 361, 387 
vertebra], 357 
vestibular, 256, 257 
vestigial, of facial nerve, 252, 387 
of fifth nerve, 233, 387 
. of fourth nerve, 233, 387 
of third nerve, 231, 387, 388 
of Wrisborg, 372 



Oasserian ganglion, 225, 234, 246, 247, 362, 387 
Gastric nerves, 226, 263, 264, 269 

plexus, 269 
Gastro-epiploic plexus, 376 
Geniculate ganglion. See Ganguon. 
Geniculum nervi facialis, 252 
Genito-cmral nerve, 3i3t 315, 370, 382 
Genu (knee) inner, of &cial nerve, 251 

outer, of facial nerve, 252 
Gland, tympanic, 260 
Glosso- pharyngeal nerve. Sec Nerve. 
Gluteal nerves. See Nerves. 
Grey rami communicantes, 358, 359, 361, 365, 

367, 384 
Gudden, inferior commissure of, 228 



Hjemorrhoidal nerves. See Nerves. 

plexus, 377 
Hand, cutaneous nerves of, 343 

muscular nerves of, 353 

J'oints of, nerves of, 301 
, nerves to muscles of, 351 

sensory nerves of, 338 

vaso- motor nerves of, 367, 369 
Heart, accelerator nerves of, 367, 369 

inhibitory nerves of, 269, 270 

sensory nerves of, 350 
Hepatic plexus, 269, 288, 375, 376 
Hip, nerves of muscles of, 353 
Hip.joint, nerves of, 318, 319, 321, 322, 325 
Homologies of limb nerves, 383 
Humetus, nerves of, 297, 304 
Hypogastric plexus, 361, 370, 372, 376, 377, 378 

inferior, 377 
Hypoglossal nerve. See Nerve. 



Ilio-hypooastric nerve, 311, 312, 313, 314, 315 
Ilio-inguinal nerve, 312, 313, 314, 315, 382 
Incisor branches, 241, 247 
Inferior maxillary nerve, 223, 234, 243, 248, 

249 
Infraclavicular branches of brachial plexus, 290, 

291, 294 
Infrahyoid muscles, nerves of, 351 
Inframaxillary nerve, 256 
Infraorbital branches of facial nerve, 255 

nerve, 238, 240 

plexus, 241 
Infratrochlear nerve, 233, 236, 237, 255 
Ingiiinal branch of ilio-hypogastnc, 315 
Inhibitory nerves of bladder, 370 

of rectum, 370 
Innervation, cutaneous, of limbs, rules of, 345 
Intercostal nerves, 288, 307, 308, 310, 345, 382, 

383 
Intercosto-humeral nerve, 296, 297, 308, 310, 

384. 
Intermediate plexus, 373 

Intermesentenc plexus, 376 

Internal cutaneous nerve of arm, 291, 295, 299, 

301. 384 
small, 291, 295, 296 

of thigh, 318, 319, 321, 322, 384 

mammary artery, nerves of, 366 . 

saphenous nerve, 318, 319, 320, 321, 384 

Interosseous nerve, anterior, 301, 303, 307 

posterior, 300, 303, 306, 384 

Interphalangeal joints, nerves of, 302, 303, 305, 

307, 334 

Intervertebral gangliH, 275, 276, 277 
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Intestines, sensory nerves of, 350 

viscero-inhibitory nerves of, 369 
Intumescentia ganglioformis Scarpie, 257 
Iter chordffi anterias, 254 
posterios, 254 



Jacobsok, nerve of, 260 
Jugular ganglion, 258, 259, 387 



KiDNBY, sensory nerves of, 350 
vaso-motor nerves of, 370 
Knee-joint, nerves of, 318, 319, 321, 322, 331, 

33Si 336, 338 



Labial nerves, 241, 247 

Lachrymal nerve, 231, 235, 238, 240,254, 255 

Laryngeal nerves. See Nerves. 

Larynx, motor nerves of, 352 

sensory nerves of, 341 
Last dorsal nerve. See Twelfth dorsal 

NERVE. 

Lateral cutaneous nerves. See Nerves. 

Lateral ganglia, 357 

Leg, cutaneous nerves of, 344 

muscular nerves of, 353 
Lenticular ganglion. See Ganglion, ciliary. 
Ligament, round of uterus, motor nerves of, 

370 
Limb, cutaneous innervation of, rules of, 345 
lower, cutaneous nerves of, 344, 349, 382 

muscular nerves of, 353, 354, 382 
upper, cutaneous nerves of, 343, 344, 348, 

382 
muscular nerves of, 352, 354, 382 

Limb-nerves, morphology of, 382 

homologies of, 383 
Limb-plexuses, divisions of nerves of, 383 
Lingual branches of ninth nerve, 261 

branch of vagus, 265, 272 

ganglion. See Ganglion, submaxillary. 

nerve, 243, 247, 261, 271, 272, 390 
Lips, nerves of, 238, 241, 247, 338 
Liver, sensory uerves of, 350 
Long scrotal nerves, 329 
Lower limb, cutaneous nerves of, 344, 349 

muscular nerves of, 353, 354 
Lumbar gangliated cord, 370 
Lumbar nerves, 274, 281, 311, 355, 382 

fifth, 322 

plexus, 283, 311, 312, 383 

sympathetic, constitution of, 370 
ganglia, 370, 375, 377 
Lumbo-sacral cord, 313, 322, 323 
Lungs, sensory nerves of, 350 



Malar branches of facial nerve, 254 

nerve, 239, 240, 255 
Mandibular branch of facial nerve, 256 

nerve, 247, 390 
Masseteric nerve, 243, 244, 24K 
Mastoid branch of great auricular, 286 

cells, nerves of, 341 
Maxillary antrum, nerves of, 341 

nerves. Sec Nerves. 
Meatus, external auditory, nerves of, 246 
Meckel's ganglion. See Ganglion, sphkko- 
palatink. 



Median nerve, 291, 299, 300, 301, 384 
Meningeal branch of vagus, 265 

or recurrent branches of spinal nerves, 278, 

360. 381, 384 
Mesenteric ganglia. See Ganglia. 

plexus. See Plexus. 
Metacarpo-phalangeal joints, nerves of, 300^ 302, 

,303. 305» 307 

Metatarsal bones, nerves of, 338 

Metatarso-phalangeal joints, nerves of, 335, 338 

Metazonal {/Atrd, behind ; (Amii, girdle) nervea, 

383 
Middle cutaneous nerve of thigh, 317, 319, 320, 

322 
Mononeural {ti6vos, single ; vwpov) muscles, 383 
Morphology of cranial nerves, 385 
of limb< nerves, 382 
of peripheral nerves, 381 
Motor nerves of bladder, 370, 372 
of rectum, 370, 371 
of round ligament of uterus, 370 
of uterus, 370, 372 
of vas deferens, 370 
nuclei, 222, 386 
root of ganglia, 237, 386 
Mouth, sensory uerves of, 338 
Muscular distribution of cerebro-spinal nerves, 

351 
of spinal nerves, 354 

Musculo-cutaneous nerve of lower limb, 332. 

335» 336, 384 
of upper limb, 291, 297, 306 
Musculo-spiral nerve, 291, 300, 303, 384 
Mylo-hyoid nerve, 244, 247, 261 



Nasal branch of superior maxillary nerve, 241 
of spheno-palatine ganglion, 242 
of vidian nerve, 243 
fossa, nerves of, 338 
ganglion. See Ganglion, sphkno-pala- 

TINE. 

nerve, 231, 233, 235, 236, 238, 255, 38S, 

390 
Naso-ciliary nerve, 236 

Naso-palatine nerve, 242 

Naviculo-cuneiform joint, nerve of, 333 

Neck, muscular nerves of, 351, 352 

Nerve or Nerves {v%vpo¥, originally sinew, 

tendon), 221 

abdominal vaso-motor, 369, 370 

abducent, 222, 223, 225, 231, 235, 238, 

241, 250, 386, 388, 390 

accelerator, of heart, 367, 369 

afferent, of abdominal viscera, 370 

alveolar, superior, 239, 240 

inferior, 247 

ampullary, 257, 258 

of anconeus, 304, 307 

anterior crural, 313, 317, 319, 383, 384 

thoracic, external, 291, 293, 294, 384 

internal, 291, 294, 384 

of antrum, maxillary, 338 

of Arnold, 265 

articular. Sec the several joints. 

auditory, 222, 223, 224, 225, 252, 256, 286, 

388 

auricular, anterior, 246 

great, 254, 256, 286 

of great occipital, 280 

posterior, 254, 265, 286 

of small occipital, 286 
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Nerve or neTveB—contimud. 

auricular, of vagus, 265, 386, 390 
auiiculo-temporal, 240, 243, 244, 246, 

390 
of bladder, inhibitoiy, 370 

motor, 370, 372 

sensory, 350 
of brachial artery, 297 
buccal, 240, 243, 246, 249, 256 

of facial, 256 
bucco-labial, inferior, 256 

superior, 255 
cardiac, deep, 365 

of descending cervical nerve, 274 

of external laiyngeal, 265 

great, 365 

lower, 363, 365, 372 

middle, 363, 365, 366, 372 

of recurrent laryngeal, 268 

upper or superficial, 268, 361, 363, 

365* 372, 373 
of vflgus, 262, 265, 268, 372 

calcaneo-plantar, 333 

carotico-tympanic, 260, 362 

cavernous, 378 

cerebro-spinal, 221 

muscular distribution of, 351 
sensory distribution of, 338 

cervical, 274, 276, 277, 280, 283, 354, 

382 

descending, 271, 273 

first, 222, 278, 283 

superficial, 256, 286 

splanchnic, 361 
chorda tympani, 226, 247, 248, 249, 253, 

256, 386 
ciliary, long, 236, 238, 366 

short, 237, 238, 359 
circumflex, 291, 294, 383, 384 
coccygeal, 278, 283, 322, 371, 381 
cochlear, 257, 258 

of coraco-brachialis muscle, 297, 384 
coronary, 372, 373 
cranial, 221 

constitution of, 385 

distribution of, 225, 390 

eighth pair. See Auditory. 

eleventh pair. See Spinal Acces- 
sor}'. 

exit of, from cranium, 223 

fifth pair. See Trifacial. 

first pair. See Olfactory. 

fourth pair. See Trochlear. 

morphology of, 385 

nintn pair. Sec Olosso - pharyn- 
geal. 

nuclei of, 222 

number of, 221 

origin of, deep, 222 
su}ierficial, 222. 

second pair. See Optic. 

seventh pair. See Facial. 

sixth pair. See Abducent. 

segmentation of, 388 

Soemmering's enumeration, 221 

tenth i>air. See Pneumo-gastric. 

twelfth pair. See Hypoglossal. 

third pair. See Oculomotor. 

Willis's enumeration, 221 
cutaneous, anterior, of abdomen, 310, 311 
of thorax, 307, 308, 310 

external, of upper limb, 297, 304 
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Nerve or nerves —continued, 

cutaneous, external, of lower limb, 313, 
517, 382, 383, 384 
of head, 338 
internal, of anterior crural, 318, 319, 

384 
ofmusculo-spiral, 304, 310 

small, 291, 295, 296, 384 
of brachial plexus, 291, 295, 384 
lateral, of abdomen, 310, 314, 381 
of leg, 336 

of thorax, 307, 308, 344, 381, 
382 
of lower limb, 344, 349, 382 
. middle, 317, 319 

occasional, of obturator, 318, 320 
perforating, 324, 325, 328, 382, 384 
plantar, of poMterior tibial, 333 
of perineum, 343 
of trunk, 341', 344, 350 
of upper limb, 343, 344, 348, 382 
cutaneous or perforating, of segtuental 

nerves, 381, 382 
dental, inferior, 243, 246, 247 
lesser, 247 
superior, 239, 240 
depressor, 268 
diaphragmatic, 288 
diazonai, 383 
digital of foot, 322, 332, 333, 334, 336, 

337 
of hand, 300, 302, 303, 304, 305 

dorsal, 274, 276, 277, 280, 283, 307, 344, 

355. 361, 366 
of clitoris, 328, 330 
first, 307 
of penis, 328, 329 
twelfth, 307, 311, 314, 315, 317, 322, 

344, 382 
of dorso-lateral muscle, 381 
dorso- lumbar, 312 
of epididymis, sensory, 351 
of ethmoidal cells, 338 
ethmoidal, posterior, 237 
of external auditory meatus, 246 
facial, 222, 224, 226, 236, 251, 262, 359, 
386, 387. 388, 390 . 
genu of, inner, 251 
\J. outer, 252 
femoral, 319 

fibular communicating, 336 
frontal, 231, 233, 235, 236 
of frontal sinus, 338 
furcal, 313, 325, 383 
gastric, 269 

genito-crural, 313, 315, 370, 382 
gluteal, inferior, 324, 325, 326, 331, 383, 
38 
superior, 322, 324, 325, 383, 384 
glosso-pharyngeal, 222, 223, 224, 225, 226, 

254, 258, 359, 386, 387, 388, 390 
hemorrhoidal, interior, 328, 329, 330, 382 

superior, 377 
of heart, 268, 269, 270, 350, 363, 365, 367, 

369, 372 
hypoglossal, 222, 223, 224, 225, 226, 248, 

265, 271, 385, 387, 388, 390 
iho-hypogastric, 311, 312, 313, 314, 315 
iho-inguinal, 3", 313, 314, 315, 317, 382 
inframaxillary, 256 
infraorbital, 238, 240 
infratrochlear, 233, 236, 237, 255, 39a 

c 
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Nerve or nerves — continued. 

inhibitory of heart, 269, 270 
intercostal, 288, 307, 308, 382, 383 

first, 307 

lower or abdominal, 310 

upper or pectoral, 308 
intercosto-humeral, 296, 297, 308, 310, 384 
interosseous, anterior, 301, 303, 307 

posterior, 300, 303, 306, 384 
of intestines, inhibitory, 369 
motor, 269 
sensory, 350 
of Jacobson, 260 
of joints. See the several joints, 
of kidney, sensory, 350 

VHSO-motor, 370 
labial, 241, 247, 338 
lachrymal, 231, 2J5, 238 
laryngeal, external, 265, 268, 361, 363, 364, 

365 
inferior or recurrent, 264, 266, 268, 

363. 365. 366, 390 
internal, 265 

middle, 266 

saperior, 262, 265, 268, 270, 363, 390 
of levator ani, 323, 329 
of limbs, homologies of, 383 

morphology of, 382 
of limb-plexuses, divisions of, 383 
lingual, of fifth nerve, 243, 247, 261, 271, 
272, 390 

of glosso-pharyngeal, 261 

of vagus, 265 
of lips, 241, 247, 338 
of liver, sensory, 350 
long scrotal, 329 
lumbar, 274, 281, 311, 344, 355» 382 

fifth, 322 
of lungs, sensory, 350 
malar, 2^9, 240, 255 
mandibular, 247, 390 
masseteric, 24J, 244, 245 
maxillary, inferior, 223, 234, 243, 388, 

390 

superior, 223, 234, 238, 388, 390 
median, 291, 299, 300, 301, 384 
mental, 247, 256 
me^azonal, 383 
morphology of, 381 
of muscles of head, 351, 390 

of lower limb, 353, 354, 382 

of neck, 35ii 352» 39© 

of trunk, 352, 354 

of upper limb, 352, 354, 382 
musculo-cutaneousof arm, 291, 297,302, 384 

of leg, 322, 332, 335, 336, 338, 384 
musculo-spiral, 291, 300, 303 
mylo-hyoid, 244, 247, 261 
nasal, 231, 233, 235, 236, 238, 255, 388 
of nasal fossa, 338 
naso-ciliary, 236 
noso-palatiue, 242 
obturator, 313. 3 '7, 320, 321, 383, 384 

accessory, 317, 319, 322 
of obturator internus, 324, 325, 384 
occipital, great, 280, 286 

small, 254, 280, 286 

third, 280 
oculomotor, 222, 223, 225, 228, 238. 359, 
386, 387, 390 

external. See Abduceut 
oculo-nasal, 236 



Norve or nerves — continued. 

olfactory, 222, 223, 225, 227, 385 
ophthalmic, 223, 230, 231, 233, 234, 235, 

250, 388 
optic, 222, 223, 225, 227, 24T, 385 
orbital, 239 
of ovary, 351, 375, 378 
palatine, external, 242 

large or anterior, 242, 243 

small or posterior, 242 
parotid, 246, 249, 256, 261, 286 
pathetic. See Trochlear, 
of pectineus muscle, 320, 384 
pelvic splanchnic, 359, 371 
of penis, 341, 343 

vaso-constrictor, 370 

vaso-dilator, 370, 372 
perineal, 328 

deep, 329 

superficial, 328, 329, 330 
peroneal. Sec Popliteal, external. 

communicating, 332, 336 
petrosal, external superficial, 253 

large deep, 24J, 253, 262 

superficial, 243, 252, 256, 260, 
362, 386 

small deep, 260, 362 

small superficial, 249, 253, 260, 261, 
386, 388 
pharyngeal, of glosso-pharyngeal, 260 

of sympathetic, 363 

of vagus, 265 
phrenic, 274, 288, 385 

accessory, 288 
pilo-motor, 359, 367, 369, 370, 371 
plantar, external, 332, 334, 337, 384 

internal, 332, 333, 33;, 384 
pneumo-gastric, 222, 223, 224, 226, 254, 
259, 261, 270, 274, 359, 364, 386, 388, 

390 
popliteal, external, 324, 325, 328, 330, 

332, 335» 383, 384 
internal, 322, 324, 325, 328, 330, 331, 

383, 384 
postaxial of limb-borders, 349 

posterior thoracic, 291, 293, 383 

preaxial of limb-borders, 348, 349 

pi*etracheal, 364 

prezonal, 383 

of prostate, secretory, 372 

sensory, 351 
pterygoid, external, 243, 246 

internal, 244, 246, 248, 249 
pudendal, inferior, 326, 328, 329, 330 
pudic, 324, 325, 328, 370, 378, 382 
pulmonary, anterior, 268 
pupillo-dilator, 366, 369 
of pyriformis, 324, 325, 326, 383 
of quadratus femoris, 324, 325, 384 
radial, 297, 298, 300, 302, 303, 304, 384 
of rectum, inhibitory, 370 

motor, 370, 371 

sensory, 350 
recurrent articular, 336 

of hypoglossal, 271 

laryngeal. See Laryngeal, inferior. 

of maxillary, inferior, 244 
superior, 239 

of ophthalmic, 235 

of i5pinal nerves, 278, 360, 381, 384 

of vagu», 265 
of rhomboid muscles, 292, 383 
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Neire or nerves — continued. 

of round ligament of nteruH, motor, 370 

saccular, 257, 258 

sacral, 274, 276, 277, 278, 281, 322, 356, 

381 
fifth, 323, 381 

fourth, 323, 381 

sixth, 323 

saphenous, external or short, 327, 331, 332, 

336, 338 

internal or long, 318, 319, 320, 321, 

322, 336, 338, J84 

sciatic, ffreat, 324, 328, 330, 383 

small, 324, 325, 326, 331, 336, 382, 

383, 384 
of scrotum, 341, 343 

segmental, 344, 350, 354, 381, 382, 384, 

385, 388 
sensory, of cavities of head, 338 

distribution of, 338 

of head, 338 

of viscera, 350 
somatic afferent, 384, 388 

efferent, mesial, 384, 385, 386, 388 
lateral, 385, 386, 388 
spheno-ethmoidal, 237 
sphenoidal, 243, 249 
of sphenoidal sinus, 338 
spheno-palatine, 239, 241, 242, 243 
spinal, 221, 274 

cx)nnection of, with sympathetic cords, 

283, 357, 358, 359. 301 

cutaneous distribution of, to trunk 
and limbs, 344 

muscular distribution of, 354 

roots of, 2^6 

segmentation of, 381 

sensory distribution of, to viscera, 350 
spinal accessory, 222, 223, 224, 226, 262, 

265, 269, 359, 385, 386, 388, 390 
splanchnic afferent, 384, 388 

efferent, 384, 386, 388 
non-gangliated, 385 

great, 367, 369, 375 

small, 367, 369, 375 

smallest, 367, 369, 375 
of stomach and intestines, motor, 269 

sensory, 350 

viscero- inhibitory, 369 
subcostal, 307 

of submaxillary gland, secretory, 367, 369 
suboccipital, 221, 222, 274, 277, 278, 283 
subscapular, 291, 294, 383 

long, 294 
supraclavicular, 287, 310 
supramaxillary, 256 
supraorbital, 236, 254, 255, 390 
suprascapular, 291, 293, 383 
supratrochlear, 233, 236, 237 
of sweat-glands, secretory, 369, 370 
sympathetic, 221, 357, 372, 384 
temporal, 235, 239, 254 

deep, 243, 245, 246 

superficial, 246 
temporo-malar, 239, 390 
thoracic. See also Dorsal. 

anterior internal, 291, 294, 384 
external, 291, 293, 294, 384 
of testis, sensory, 351 
tibial, anterior, 335, 336, 337, 384 

communicating, 332 

posterior, 331, 332, 384 



Nerve or nerves — eontinued. 

of tongue, sensory, 248, 256, 261, 338 

muscular, 351, 390 
trifacial, or trigeminal, 222, 223, 225, 233, 

386, 387, 388 

trochlear, 222, 223, 225, 231, 235, 238, 386, 

387, 388, 390 

of trunk and limbs, cutaneous distribution 

of, 344 
tympanic, 259, 260, 362 
ulnar, 291, 29s, 296, 299, 302, 303, 306, 

384 
collateral, 303, 304 

of ureter, sensory, 350 

of uterus, 351, 370, 372, 375, 378 

motor, 370, 372 

and appendages, sensory, 351 
utricular, 257, 258 
vaginal, 378 

of vas deferens, 370, 377 
vaso-constrictor, 359 

of limbs, 369, 370, 371 

pulmonary, 369 
vaso-dilator, 359 
vaso-motor, 359, 367, 369 
of ventro-lateral muscle, 381 
of vesicula seminalis, 377 
vestibular, 257, 258 
vidian, 243, 249, 253, 362 
viscero-constrictor, 359 
viscero-inhibitory, 359 
of Wrisberg, 291, 296, 384 
Nerve-plexuses. Hee Plexus. 
Nerve-roots. See Roots. 
Nervus vel NERVi, acusticus, 256 
alveolaris, inferior, 247 
ano-coccygei, 323 
axillaris, 294 
carotici extemi, 364 
caroticus internus, 362 
cerebrales, 221 
clunium inferiores, 327 

medii, 281 

superiores, 281 
cutaneus antibrachii dorsalis, 304 

medinlis, 295 

brachii medialis, 296 
lateralis, 295 
posterior, 304 

femoris lateralis, 317 
posterior, 326 

Bune lateralis, 336 
medialis, 332 
dorsalis scapulae, 292 
erigentes, 372 
furcalis, 313, ^25, 383 

Snito-femoraUs, 315 
;morrhoidales medii, 323 
intcrcosto-brachialis, 310 
intermedins, 251 
ischiadicus, 330 
jugularis, 361 
labiales posteriores, 329 
lumbo-inguinalis, 316 
mandibularis, 243 
masticatorius, 243 
maxillaris, 238 
meningeus medius, 239 
perforans coccygens major, 328 
peroneeus communis, 335 
profundus, 337 
superficialis, 336 
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Nervua vel nervi — cmUinued. 

pudendu8, 328 

radialis, 303 

renalis posterior, 369 

scrotales posteriores, 329 

spermaticus extrrniis, 316 

spinoRus, 244 

splanchuif^ua suprenms, 369 

siibcutaneua colli, 286 

sural ia, 332 

tentorii, 235 

thoracalia loncus, 293 

thoraco-dorsaUa, 294 

tibialii<, 331 

vaginalea, 323 

yagus, 261 

yeaicalea inferiorea, 323 

yeatibnli, 257 

zygomaticua, 239 
Ninth pair of cranial neryes. See Nervrs. 
Nuclei of nerves, motor, 222, 386 

sensory, 222, 386 



Obtueatoe nenre, 313, 317, 320, 322, 383, 384 

acceaaory, 317, 319, 322 
Occasional cutaneoua branch of obturator,3 18,320 
Occipital nerve, great, 280, 286 

of poaterior auricular, 254 
amall, 254, 280, 286 
third, 280 
Occipito-atlantal joint, nerve of, 284 
Oculomotor nerve. See Nkkve. 
Oculo-naaal nerve, 236 
Oesophageal branchea, 268, 269 

plexus, 262, 264, 269 
(Eaophagus, motor nervea of, 269 

sensory nerves of, 341 
Olfactory nervea, 222, 223, 225, 227, 385 
Ophthalmic urtcrv, nervea of, 362 
Ophthalmic ganglion. *S'm Ganglion, ciliaey. 
Ophthalmic nerve, 223, 230, 231, 233, 234, 235, 

250, 388 
Optic commisHure, 227, 228 

nervea, 222, 223, 225, 227, 241, 385 
tracts, 227 
Orbit, nerves to muscles of, 351 
Orbital nerve, 239 
Origin, deep, of cranial nerves, 222 

auperficial, of cranial nervea, 222 
Oa uteri, sensory nerves of, 351 
Otic ganglion. See Ganglion. 
Ovary, nerves of, 351, 375, 378 



Pacinian bodies, 301, 302, 332, 333, 334, 377 
Palate, soft, motor nervea of, 352 

aenaory nerves of, 339 
Palatine nerves. See Nkrves. 
Palm, cutaneous nerves of, 343 
Palmar arteries, nerves of, 300 

branch of ulnar nerve, deep, 300 

superficial, 300 
cutaneous branch of median nerve, 302 

ulnar nerve, 299, 302 
Palpebral nerve?, 235, 236, 237, 241, 255 
Pancreatic plexus, 376 
Pancreatico-duodenal plexus, 376 
Par (]iair) vagum (wandering), 261 
Parotid nerves, 246, 249, 256, 261, 286 
Pars intermedia of Wrisberg,25i, 252, 254, 258, 
386, 388 



Patellar branch of internal saphenous, 322 

plexus, 317, 322 
Pathetic nerve. See Nerve, trochlear. 
Pectoral intercostal nerves, 308 
Pelvic plexus, 370, 371, 372, 377 

splanchnic nerves, 359, 371 
Penis, nerves of, 341, 343 

cavernous, 378 

dorsal, 328, 329 

motor, 352 

vaso-dilHtor, 370 372 

vaso-constrictor, 370 
Perforating branched of external plantar nerve, 

335 
cutaneous nerve, 324, 325, 328, 382, 384 

or cutaneous branches of segmental nerves, 

381, 382 

Pericardial branches of vagus, 269 

Perineal branch of fourth sacral, 323, 382 

nerve, 328 

deep, 329 

supeificial, 328, 329, 330 

Perineum, cutaoeous nerves of, 343 

Peripheral nerves, morphology of, 381 

Peroneal artery, nerves of, 333 

nerve, 324, 325 

communicating, 332, 336 

Pea anserinus (goose's foot), 252 

Petrosal ganglion, 258, 259, 260, 262, 265, 361, 

387 
nerves. See Neeves. 
Pharyngeal branches of upper cervical ganglion, 

361, 363 
of vagus, 261, 265, 270 
division of ninth nerve, 260 
nerves, 243, 260, 261, 262, 266, 268 
plexus, 261, 265, 266, 363 
Pharynx, motor nerves of, 352 

sensory nerves of, 339 
Phrenic ganglion, 288, 375 

nerve, 274, 288, 291, 293, 366, 375, 385 

accessory, 288 
plexus, 375 
Pilomotor nerves, 359, 367, 369, 370, 371 
Pituitary body, nerves of, 363 
Plantar nerves. See Nerves. 
Plexus (plaiting, twining) or plexuses, nervous 
221, 383 
aortic, 370, 375, 376, 377 
aorticus abdominalis, 376 

thoracalis, 367 
atrial, 373 

beneath sartorius muscle, 318, 322 
brachial, 283, 289, 307, 382, 383 
bulbar, 373 
cardiac, deep, 268, 363, 365, 366, 372, 373 

superficial, 268, 363, 372, 373 
caroticus extemus, 364 

intemus, 362 
carotid, 234, 243, 250, 260, 362 
cavernous, 230, 233, 235, 238, 362 
cervical, 283, 285 

cutaneous area of, 341 
posterior, 280 
coccygeal, 323 
copliac, 376 
creliacus, 373 
coronary of heart, 372 

of stomach, 376 
cranial, 362 
cystic, 376 
dental, inferior, 247 
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Plexus or TXexuaeS" continued, 

dental, superior, 241 

diaphragmatic, 375 

epigastric, 373 

facial, 248 

gastric, 269 

gastro-epiploic, 376 

great, of sympathetic, 372 

hepatic, 269, 288, 375, 376 

hsemorrhoidal, 377 

hypogastric, 361, 370, 372, 376, 377, 378 
inferior, 377 

infraorbital, 241 

of intercostal nerves, 310, 383 

intermediate, 373 

Intermesenteric, 376 

ischiadicus, 324 

linealis, 376 

lumbar, 283, 311, 312, 317, 318, 383 

mesenteric, inferior, 376 
superior, 376, 377 

middle meningeal, 249, 253 

oesophageal, 262, 264, 269 

pancreatic, 376 

pancreatico-duodeual, 376 

parotideus, 252 

patellar, 317, 322 

pelvic, 370, 371, 372, 377 

pharyngeal, 261, 265, 266, 363 

phrenic, 375 

prevertebral, 357, 359, 360, 361 

prostatic, 378 

pudendus, 324 

pudic, 324 

pulmonary, anterior, 2|58, 269, 364, 372 
posterior, 262, 264, 268, 269, 367 

pyloric, 376 

renal, 269, 367, 369, 370, 375 

saci-al, 283, 311, 312,313, 322, 323, 330, 383 

sciatic, 324 

solar, 263, 269. 288, 361, 369, 372, 373 

spermatic, 375, 376, 377 

splenic, 269, 376 

subclavius, 366 

suprarenal, 375- 

tympanic, 260, 362 

vertebral is, 366 

vesical, 377 • 

Pneumo-gastric nerve. See Nerve. 
Polyneural {wo\is, many ; vtvpoif) muscles, 383 
Popliteal nerves. See Nerve8. 
Portip dura (hard, tough), 222 

intermedia, of Wrisberg, 251, 252, 254, 
258, 386, 388 

mollis (soft), 222 
Postaxial limb- borders, nerves of, 349 
Posterior auricular nerve, 254, 265, 286 

interosseous nerve, 300, 306, 384 

roots of auditory nerve, 256 

of spinal nerves, 275, 276, 358, 359, 

thoracic nerve, 291, 293, 383 

tibial nerve, 331, 332, 384 
Postiixed type of lumbar plexus, 313 
Preaxial limo-borders, nerves of, 348, 349 
Prefixed type of lumbar plexus, 313 
Pretracheal nerve, 364 
Prevertebral ganglia, 357 

plexuses, 357, 359, 360, 361 
Prezonal nerves, 383 

Primary divisions of spinal nerves, posterior or 
dorsal, 275, 278, 341, 381 



Primary divisions of spinal nerves, anterior or 

ventral, 275, 278, 283, 341, 381, 382 
Prostate, secretory nerves of, 372 

sensory nerves of, 351 
Prostatic plexus, 378 
Pterygoid nerve. See Nkiivk. 
Ptery go- sphenoidal ligament, 244 

accessory, 247 
Pudendal nerve, inferior, 326, 328, 329, 330 
Pudic nerve, 324, 325, 328, 370, 378, 382 
Pulmonary nerves, anterior, 268 

plexus. See Plexus. 
Pupillo- dilator fibres, 366, 369 
Pyloric plexus, 376 



QuADRATUS femoris muscle, nerve of, 324, 325, 
384 



Radial nerve, 297, 298, 300, 302, 303, 304, 384 
Radius, nerve of, 301 
Radix cochlearis, 256 
vestibularis, 256 
Ramus vel Rami, communicantes, grey, 358, 

359,361.365.367.384 

white, 357, 358, 367, 37 1, 384 
cutaneus anterior, 315 

lateralis, 315 

descendens hypoglossi, 273 

efferentes, 357, 358. 360 

ophthalmicus profundus, 388 

perineales, 328 

profundus nervi nvdialis, 306 

superficialis nervi radialis, 304 

viscerales, cervico-cranial, 359 

visceralis, 381 

zygomaticofacialis, 240 

zygomaticotemporalis, 239 
Rectum, inhibitory nerves of, 370 

motor nerves of, 370, 371 

sensory nerves of, 350 
Recurrent nerves. See Nerves. 
Renal ganglia, 375 

plexus, 269, 367, 369, 370, 375 
Rhomboid muscles, nerve of, 292, 383 
Ribs, nerves of, 308 

Root or Roots, ascending or bulbar of fifth 
nerve, 233 

of auditory nerve, 256, 257 

of ciliary ganglion, 230, 236, 237, 238, 359, 

363 
descending or mesencephalic, of fifth nerve, 

233 
of ganglia, 237 

of hypoglossal nerve, 271, 274 

motor of fifth nerve, 225, 233, 243, 247 

of otic ganglion, 249 

sensory, of fifth nerve, 225 

of spinal nerves, anterior, 275, 276, 354, 
358, 359, 384 
posterior, 256, 275, 358, 359, 381, 384 

of spheno-palatine ganglion, 243 

of submaxillary ganglion, 248, 365 

of tenth nerve, 261 
Round ligament of uterus, motor nerves of, 370 
Rules of cutaneous nerve-supply of limbs, 345 



Saccular nerve, 257, 258 
Sacral nerves, 274,276,277,278,281,322,356,3.81 
fifth, 323, 381 
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Sacral nen'cs — eorUinued, 
fourth, 323, 381 
sixth, 323 

gangliated cord, 370 
plexus, 283, 311, 312, 313, 322, 323, 330, 

383 , 
sympathetic, constitution of, 371 

Sacro-iliac joint, nerves of, 281 

Saphenous nerves. See Nekves. 

Scapula, nerves of, 293 

Sciatic nerves. See Nerves. 

plexus, 324 

Scrotal nerves, long, 329 

Scrotum, nerves of, 341, 343 

Second pair of cranial nerves. See Nerves. 

Secretory nerves of prostate, 372 

of submaxillary gland, 367, 369 

of sweat-glands, 369, 370 
Segmental nerves, 344, 350, 354, 381, 382, 384, 

38s 
Segmentation of cranial nerves, 388 

of spinal nerves, 381 

Semilunar ganglion, 367, 369, 375 

Sensory distribution of cerebro-spinal nerves, 

344 
of spinal nerves to viscera, 350 

fibres, spinal, to sympathetic system, 359 

nerves. See Nerves. 

nuclei, 222 

root of ciliary ganglion, 236, 237, 238 

of fifth nerve, 225, 233 

of ganglia, 237 

of otic ganglion, 249 

of spheno-maxiUary ganglion, 243 

of submaxillary ganglion, 248 

zones of trunk and limbs, 344 

Septal branch of nasal nerve, 237 

Seventh pair of cranial nerves. See Nerves. 

Shoulder, cutaneous nerves of, 343 

motor nerves of, 352 

Shoulder-joint, nerves of, 293, 294, 295 

Sinus, frontal, nerves of, 338 

sphenoidal, nerves of, 338 

Sixth pair of cranial nerves. See Nkrve. 

Sixth sacral nerve, ^23, 381 

Scemmering's classification of nerves, 221 

Soft pfiJate, motor nerves of, 352 

sensory nerves of, 339 

Solar plexus, 263, 269, 288, 361, 369, 372, 373 

Sole, cutaneous nerves of, 344 

Somatic (o'm/ao, lx>dy) afferent nerves, 384, 388 

division of spinal nerves, 381 

eifereut, mesial, 384, 38k, 386, 388 

lateral, 385, 386, 388 

Spermatic ganglion, 375 

plexus, 375, 376, 377 

Spheno-ethmoidal nerve, 237 

Sphenoidal nerve, 243, 249 

Sphenoidal sinus, nerves of, 338 

Spheno-palatine ganglion, 221, 237, 238, 239, 

241, 253, 256, 357, 387, 388 

nerve, 239, 241, 242, 243 

Spinal accessory nerve. See Nerve. 

cord, 223, '274, 27s 

ganglia, 275, 276, 277, 384 

nerves, 221, 274 

connection with sympathetic corJs, 

357,358, 359, 361, 365, 367, 370, 371 
cutaneous distribution of to trunk and 

limbs, 344 
morphologv of, 381 
muscular distribution of, 354 



Spinal nerves, primary division of, anterior, 275. 

278, 283, 341. 381, 38' 
primary division of, posterior, 275, 

278, 341, 381 
roots of, 256, 275, 351, 359, 381 
segmentation of, 381 
sensory distribution, to viscera, 350 
portion of spinal accessory nerve, 269, 270^ 

271, 385* 386, 390 
Spiral ganglion of cochlea, 256, 258 
Splanchnic ganglion, 369 

nerves. See Nerves. 
Splanchnic (oirAdyx*^ viscera), or vagrant 
ganglia, 384 

or visceral divisions of spinal nerves, 381 
Splanchnics, abdominal, 367 

cervical, 361 

pelvic, 359, 371 
Splenic plexus, 269, 376 
Stapedius branch of facial, 253, 390 
Stationary ganglia, 384, 387 
Stellate ganglion, 36i5, 369 
Sternal branches of intercostal nerves, 308 
Stemo-clavicular joint, nerves of, 287 
Sternum, nerves of, 3oi8 
Stomach, motor nerves of, 269 

sensory nerves of, 350 

viscero-inhibitory nerves of, 369 
Strife meduUares, 256, 257 
Stylo-hvoid branch of facial, 254, 365, 390 
Stylo-pharyngeus, nerve to, 261, 390 
Subclavian artery, nerves of, 366 
Subclavius muscle, nerve of, 288, 291, 293, 384 
Subcostal nerve, 307 

branches of intercostal nerves, 308 
Sublingual ganglion, 248 
Submaxilhuy ganglion, 221, 237, 248, 254, 256, 

357, 365, 387, 388 
gland, secretory nerves of, 367, 369 
Suboccipital nerve, 221, 222, 274, 277, 278, 283 
Subscapular nerves, 291, 294, 383 
Superficial cardiac nerve, 268, 361, 363, 365, 

372, 373 
cervical nerve, 256, 286 

Superior maxillary nerve, 223,234,238,388,390 

Supra-acromial branch of cervical plexus, 2S7 

Supraclavicular nerves, 287, 310 

Suprahyoid muscles, nerves of, 351 

Supramaxillary nerve, 256 

Supraorbital nerve, 236, 254, 255 

Suprarenal plexus, 375 

Suprascapular nerve, 291, 293, 383 

Suprasternal branches of cervical plexus, 287 

Supratrochlear nerve, 233, 236, 237 

Sweat-glands, secretory nerves of, 369, 370 

Sympathetic branch of spinal nerves, 381, 384 

Sympathetic, cervical, constitution of, 366 

fibres, 358 

ganglia. See Ganglia. 

lumDar, constitution of, 370 

nerves, 221, 357, 372, 384 

plexuses, great, 372 

roots of ganglia, 237, 238, 243. 248, 249, 

363, 365 
sacral, constitution of, 371 
thoracic, constitution of, 369 
Synopsis of muscular distribution of nerves, 351 
of sensory distribution of nerves, 338 

Table of homologies of limb-nerves, 383 

of muscular distribution of spinal nerves, 
354 
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Table of origins of branches of bracluAl plexus, 
291 
of segmental nerves of head, 389 
Tarsal joints, nerves of, 337 
Tarso-metatarsal joints, nerves of, 335, 338 
Temporal branches of facial, 254 
ganglion, 365 
nerve, 235, 239, 254 
deep, 243, 245, 246 
superficial, 246 
Temporo-facial division of facial, 252, 254, 256 
Temporo-malar nerve, 239 
Temporo-maxillary joint, nerves of, 246 
Tenth pair of cranial nerves. See Njsryes. 
Terminal ganglia, 357 
Testis, sensory nerves of, 35 1 
Thenar eminence, cutaneous nerves of, 344 
Thigh, nerves of, cutaneous, 344 

muscular, 353 
Third occipital nerve, 280 
Third pair of cranial nerves. See Nerve. 
Thoracic ganglia, sympathetic, 365, 367 
gaogliated cord, 367 
nerves. See Nek yes. 

spinal, 274. 307 
sympathetic, constitution of, 369 
Thumb-muscles, nerves of, ^02 
Thyroid branches of middle cervical ganglion, 

36s 

ganglion, 365 
Tibia, nerves of, 331, 332, 336 
Tibial artery, anterior, nerves of, 332 

posterior, nerves of, 332 
Tibial nerve. See Nerve. 
Tibial communicating nerve, 322 
Tibio-fibular joints, nerves of, 331, 332, 336 
Toes, articular nerves of, 334 

cutaneous nerves of, 344 
Tongue, muscular nerves of, 351, 390 

sensory nerves of, 248, 256, 261, 338 
Tonsillitic oranches of ninth nerve, 261 
Trachea, sensoiy nerves of, 341 
Tracts, optic, 227 

Trifacial or Trigeminal nerve. See Nervb. 
Trochlear nerve. See Nerve. 
Trunci sympathici, 358 
Trunk, cutaneous nerves of, 341, 344, ^yi 

muscular nerves of, 352, 354 
Trunk-ganglion of vagus, 262, 264, 265, 272, 

284, 361 
Trunks of brachial plexus, 289 
Tube, Eustachian, nerves of, 341 
Twelfth dorsal nerve, 307, 311, 314, 315, 317, 

322, 344, 382 
Twelfth jmt of cranial nerves. See. Nerves. 
Tympanic branches, 246, 260 • 

cavity, sensory nerves of, 341 

gland, 260 

membrane, nerves of, 341 

nerve, 259, 260, 362 

plexus, 260, 362 
Types of lumbar plexus, 313 



Ulnar artery, nerves of, 299 

nerve, 291, 295, 296, 299, 302, 303, 306, 

384 
collateral, 303, 304 

Ureter, sensory nerves of, 350 

Urethra, muscular nerves of, 352 

Uterine appendages, sensory nerves of, 351 

Uterus, nerves of, 351, 370, 372, 375, 378 

Utricular nerve, 257, 258 



Vagal portion of spinal accessory nerve, 270 

Vaginal nerves, 378 

Vagrant ganglia, 384, 387 

Vagus nerve. See Nerve, pneumo- gastric. 

Vas deferens, nerves of, 370, 377 

Vascular branches of hypoglossal nerve, 272 

of musculo-cutaneous nerve, 297 
Vaso-constrictor neiTes, cerebro-spiual, to sym- 

mthetic system, 359* 

of limbs, 369, 370, 371 

of penis, 370 

pulmonary, 369 
Vaao-dilator nerves, cerebro-spinal,to sympathe- 
tic system, 359 

of penis, 370, 372 
Vaso-motor nerves, 359 

abdominal, 369, 370 

of head, 367, 369 

of kidney, 370 
Ventral or anterior primary divisions of spinal 

nerves, 283, 341, 381, 384 
Vertebral arterv, nerve of, 366 
Vertebral ganglia, 357 
Vesical plexus, 377 
Vesicula seminalis, nerves of, 377 
Vestibular ganglion, 256, 257 

nen'e, 257, 258 
Vestigial ganglia of cranial nerves, 231, 233,252, 

387, 388 
Vidian nerve, 243, 249, 253, 362 

Viscera, abdominal, afferent nerves of, 370 
sensory distribution of spinal nerves to, 350 

Visceral branches of fourth sacral nerve, 323 
of sacral nerves, 371 
or splanchnic diviaion of spinal nerves, 

381, 384 
Viscero-constrictor nerves, cerebro-spinal, to 

sympathetic system, 359 
Viscero-inhibitory nerves, cerebro-spinal, to 
sympathetic system, 359 
of stomach and intestine, 369 



White rami communicantes, 357, 358, 367, 371, 

384 
Willis's classification of cranial nerves, 221 
Wrisberg, ganglion of, 372 

nerve of, 291, 296, 384 

pars intermedia of, 251, 252, 254, 258 
Wrist-joint, nerves of, 3CX), 301, 303, 307 



Ulna, nerve of, 301 



Zones, sensory, of trunk and limbs, 344 
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